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MGTICE: The project that is the subject of this report vaa approved hf tha 
Governing Board of the National Research Council, whose members are drawn 
from the Councils of the National Academy of Sciences, the National Academy 
of Enginaerlng, and the Inatltute of Nedlelne. The aeabera of the eoMilttee 
responsible for the report were choaeii for their apeclal coapeteiice and with 
regard for appropriate balance* 

The report has been reviewed by a group other than the authors according to 
procedures approved by a Report review Coamlttee consisting of members of 
the National Academy of Scleneeat the Matlonal Academy of Engineering, and 
the Inatltute of Medicine. 

The National Research Council was established by the National Academy of 
Sclencea in 1916 to aaaoelate the broad coenunlty of aclenee and technology 

with the Academy's purposes of furthering knowledge and of advising the 
federal government. The Council operates In accordance with general 
policies detetsilned by the Academy under the authority of Its congressional 
charter of 1863, which established the Academy as a private, nonprofit, 
self-governing membership corporation. The Council has become the principal 
Operating agency of both the National Academy of Sciences and the Natloal 
Academy of Engineering in the conduct of their services to the governmantf 
the public, and the scientific and engineering communities. It is 

administered Jointly by both Academies and the Institute of Medicine. The 
National Academy of Engineering and the Institute of Medicine were 
established in 1964 and 1970, respectively, under the charter of the 
National Academy of Sciences* 

The Commission on Sodotechnlcal Systems Is one of the major componenta of 
the National Reaearch Council and has general responsibility for and 
cognisance over those program aveaa concerned with physical, technological, 
and Industrial systems that are or may be deployed In the public or private 
sector to serve societal needs. 

The National Materials Advisory Board Is a unit of the Comfflission on 
Sodotechnlcal Systems of the National Research Council. Organized in 1931 
as the Metallurgical Advisory Board, through a series of changea and 
expansion of scope. It became the National Materials Advisory Board in 
1969. Its general purpose is the advancement of materials science and 
engineering in the national interest. It fulfills that purpose by providing 
advice and assistance to government agencies and private organizations on 
matters of materials science and technology affecting the national Interest, 
by focusing attention on the materials aspects of national problems and 
opportunities, and by making appropriate reeonmendatlona for the solution of 
such problems and the exploitation of the opportunities. 



This study by the National Materials Advisory Board was conducted under 
Contract No. J0199036 with the Bureau of Nines, Department of the Interior. 

This report Is for sale by the National Technical Information Service, 
Springfield, Virginia 22131. 

Printed In the United Statea of America. 
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DEDICATION 



The NMAB Panel on Manganese Supply and Its Industrial Implications 
dedicates Its report to a fellow member well-known and highly respected 
In the scientific eoBBunity* Dr. S. Frederick Ravlts (Vred to aost 
people) spent nearly fifty years In the fields of physical chemistry and 
extractive metallurgy. He was always active in various professional 
activities and in 1975 he chaired the National Materials Advisory Board 
Committee on Manganese Recovery Technology. His distinguished career did 
not end with his retirement as Professor of Metallurgy at the University 
of California at Berkeley, as he was invited to become a member of this 
panel. The contributions and guidance Fred gave to the panel, especially 
In the sections of the report covering mining and metallurgy, helped to 
give proper perspective in many critical technical areas. In the' latter 
stages of the report preparation, everyone missed his gentle manner and 
helpful suggestions. The panel regrets his passing and that ha cannot 

see the end product of his and his colleagues' efforts. 
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ABSTRACT 



Kanganese is a critical raw material for the steel industry, and tbe 
Industry In turn is one of the basic Institutions upon which a 

substantial portion of the U.S. economy depends. National demand for 
manganese in all forms now ranges from 1 to 1.4 million metric tons 
(fli.t*) annually, of Which 9B percent Is Imported. Because of the 
importance to the United States of manganese imports, it is clearly in 
the national Interest to have available the beet possible estimate of 
Manganese resources tforldwide. 

This report discusses the geological occurrences and assesses the 
manganese reserves and resources of 36 countries in terms of gross 
quality and quantity of the element. Accessibility and availability of 
the resources, changing grades of ores, and the capability of the 
countries to continue to produce ore at current or increased levels for 
the reaainder of this century are considered. Hsjor and ninor sources 
are identified and evaluated. Seabed manganese nodules are considered as 
a possible future resource but they are not included with the worldwide 
estinates* This approach is In accordance with guidelines provided by 
the sponsoring agency. 

Manganese ore mining, benef iciation, metallurgical processing and 
saeltlng technology are reviewed and assessed In terms of their impact on 
current and future manganese supplies and raw materials costs. The heavy 
dependence of the noncommunlst world for its manganese supply on a 
limited number of freeworld manganese producers also is discussed. The 
industrial Implications of this dependence and factors or actions that 
might resuJtt in cost increases, or the curtailment or disruption of ore 
and ferroaanganese siipplles are assessed. 
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PSBFACB 

Data on reaervaa and raaoureea of alnerala ara ttaaaroua (figure 1), 

but often incomplete and inconsistent. Because of deficiencies in the 
data, Interpretation and analysis by different Individuals often give 
dlffarltiB raaulca* Thla aituatlon la particularly acuta for nanganaaa 
minerals because of geological and geographical factors and bacauaa of 
differences In mining techniques, recovery processes, and 
polltical-aconaile altuatlona that oftan ara uniqua to a particular 
■Inaral eg— unity irtiara it la nlnad. 

The panal una coniwned to prepare an inddpendent evaluation of tba 

Information available about world sources of manganese. In Its 
compilation of data, the panel endeavored to adhere closely to the 
definitions and rules for classification of reserves and resources as 
daacribad In U.S. Gaologleal Survey Bulletin 14S0A (1976). Consideration 
was given not only to data appearing in various published "reliable 
sources," but also to the generation of new data provided by personal and 
apaclal eontrllmtora to the panel. 

Because of inconsistencies and incompleteness in the data and because 
of lack of uniformity of elaaalfleatlon ^atema uaed In different 

countries, Judgments oftan had to be oada by the panel. The reaulta 
involved an independent effort and represent the best estimates of the 
panel based on data and information available through February 1981* 

PART I. MANGANESE SUPPLY AND APPLICATIONS summarize 8 the reaulta of 
the study. PART II. DESCRIPTION OF WORLD OCCURRENCES provides 
additional detail on najor and ninor aourcaa of nanganaaa norldwlda* 
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CHAPTER ONE 



SDMHARY 



Manganese is a critical raw material for the iron and steel industry 
which accounts for almost 90% of the demand. National consumption of the 
metal in all forms now ranges from 1 to 1.4 million m.t. per year of 
contained Mn of which about 98Z is inported, and U.S. denand for 
manganese is expected to Increase by about 1.6% annually through the year 
2000. The nearly complete dependence of the United States on imports ia 
expected to continue as the cost of producing narket-grade manganese 
products from low-grade domestic resources probably will not be 
economically competitive with the price of high-grade imported ores or 
products* Because of that dependence, developments in the world 
manganese market can have serious implications for the United States. 
Depletion of low-cost, hi^^h-grade deposits, technological Innovations, 
jumps in demands, shortfalls in investment for capacity expansion. 
Interruptions la supply due to political turmoil In producing countries, 
and manipulation of the market by dominant producers all could have 
far-reaching effects on the U.S. economy. 

The Bureau of Mines (BOM), United States Department of the Interior, 
ia the principal government agency concerned with collecting and 
analysing data relating to worldwide manganese ore reserves and supplies, 
and projecting future demands for the element. In assessing the reserves 
and resources, data are collected from diverse domestic and foreign 
govemeental sources, business, individuals, mineral trade Journals, and 
by survey forms. Manganese reserve and resources information from some 
countries is easily interpreted. That obtained from others is difficult 
to assess because the classification systems for distinguishing between 
ore reserves and resources differ throughout the world even when 
purportedly following a specific classification system. Furthermore, 
much of the data available to the Bureau of Mines does not consider 
recovery and accessibility factors, or the type or character of the ore 
other than its manganese content. The terms recovery and accessibility 
•re seml-quantltatlve qualifiers and are defined as followa: 
accessibllity-thls factor takes into consideration two elements. One is 
the economic and physical factors such as deposit locations, terrain, and 
transportation facilities which favor or limit access of men and 
equipment; and movement of ore to world markets. The other element is 
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the geopolitical ellMte which mmy or vmy not favor production of ore 

from a resource In a given country or location; recovery — application of 
this factor gives a reserve figure in terms of shipping product, or In 
terns of quantity of ore that can be renoved fron the deposits if mining 
and processing recoveries and losses are considered. Mining losses can 
include ore left behind as underground support pillars, losses due to 
dilution with ffaste rock, naterial too thin to be recoverable by the 
technique used, etc. Thus, BOM reserve estimates may differ from 
evaluations which are made on the haais of identifiable near-tern 
economically mineable nanganese ores and products derived therefron* 
Uorld manganese resources estinates also vary but these, at present, are 
not of concern because of their magnitude. 

In estimating worldHNlde msnganese reserves and resources, the panel 

used the definitions in U.S. Geological Survey Bulletin 1A50-A (1976) 
entitled, Principles of the Mineral Resource Classification System of the 
U.S* Bureau of Mines (BOM) and U.S. Geological Survey (USGS). As defined 
in the Bulletin, reserves are "That portion of the identified resource 
from which a useable mineral and energy commodity can be economically and 
legally extracted at the tine of deteminstlon. The tern 'ore' is used 
for reserves of some minerals." Based on this classification the panel 
found that there is no shortage of manganese worldwide, and that there is 
adequate nanganese reserve in situ to neet f rse^^rld end CMitnlly 
planned economy countries' needs throughout this century. 

The principal free-world sources of manganese are the Republic of 
South Africa, Gabon, India, Australia, and Brazil. Mexico could become a 
significant supplier In the future but India's role as a major supplier 

appears to be on the wane. With an expected increase in world manganese 
demand from about 8.7 nllllon m*t* (manganese content) In 1977 to 19.4 
million m.t. by thn ypar 2000, production will have to be expanded, 
principally from the current major source countries. However, even 
though msnganese reserves *in situ" are adequate, from an accessibility 
and availability standpoint there Is no guarantee that free-world 
supplies will keep pace with denand unless the major producers are able 
to expand their physical facilities for mining, processing, and 
transporting the ores and processed materials. 

The USSR is a major manganese producer and probably will continue to 
satisfy its own manganese needs for the next 30 years by using 

suhmarginal resources as measured by free-world standards. Manganese ore 
exports by the Soviets to Central Economy Countries have been declining 
and centrally planned economy countries* purchases of high-grade 
manganese ore from the free-world producers have increased in the last 
decade. Purchases can be expected to increase even more during the rest 
of this century, thereby increasing the competition for free-world 

supplies* 

The availability of high grade ores (4ASX Mn) used to blend with 
lower grade materials for lEerromsngsnese manufacture is declining and the 
possibility is that lower grade ores will be used to make the alloy in 
the future* The technology for producing standard, mediumr and 
low-carbon ferromanganese fron lower grade feeds is available but the 
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costB Involved in smelting the lower grade materials %rlll be higher. 
Standard ferromanganese production capacity in the United States in tha 

last two decades has decreased significantly, whereas countries 
possessing major reserves of ore are increasing production capacity. In 
all probability, the wnganeee iaporting nations will nalntaln rasidual 
production capacity but additional naw production faciUtlas will ba 
located close to the sources of ore. 

Manganese ore mining, benef iciation, and processing technology USad 
throughout the world Is relatively simple and straightforward. 

Underground mining in the major producing countries is expected to 
ineraaae, and this will be at substantially greater cost and poorer 
mining extraction than is the case with pit mining because of the ore 
left behind for roof support. Also, ore grades will be lower. As ore 
grades decline, benef Iciation will ba applied more widely to recover 
marketable products. In addition, pyrometallurgical processes such aa 
pelletlzing, nodullzing, and sintering probably will receive more 
attantlon for aggloaerating oxide ore fines and upgrading nanganaaa 
carbonate ores. Other than these relatively simple upgrading approaches, 
the outlook for application of more sophisticated methods for 
baneficiating the low-grade ores is unlikely in the foreseeable future* 

The daep-sea nodules of the North Pacific Ocean are a potential 
■anganese resource. Oevalopnent of systems for mining snd processing tha 

nodules for their manganese, copper, nickel and cobalt content has baan 
under investigation since the mid 1960s, but the Introduction of 
coaOMrclal operations as an alternative to U.S. import dependence appears 
to be at least 10 years away. Before eoaaarcial oparationa are 
undertaken, mining systems will have to be perfected and Installed. 
Recent U.S. legislation encourages commercial activity In this field. 

The dependence of the non-communist nations on five free-world 
manganese producers during the next two decades raises questions 
eoneaming tha U.S. industrial iwplications of this dapandanca. Tha 
effect of a manganese shortage regardless of the cause would be 
substantial. Ihe United States is coming to depend more heavily on 
iaports of farrooanganase as tha manganese axportlng nations expand 
ferromanganese production capacity. Adverse effects of this are the 
certain erosion of domestic farrooanganase furnaclng capability with an 
attendant loss of jobs. The unit cost of the manganese in the imported 
ferroaanganese will be higher than that of the Imported ore, but whether 
this cost will be offset by savings in shipping costs of the alloy as 
compared to ore remains to be seen. The expected Increased dependence of 
eoamnist-bloe countries on laporta froa the west will place added 
pressure on free world reserves and resources development. This will 
result in more remote, lower grade, and more complex deposits being 
brought into production. For the past 25 years the cooBunlst and 
non-communist markets have been viewed in isolation ftOB each Other* but 
in the future they must be viewed together. 

Assuring U.S. accrsF. to future manganese supplies will require a 
long~term plan involving complex international political and economic 
strategies that can neither be devised nor carried out by the U.S. steel 
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and fcriOBMigaiwM- IndustrlM alone. Sine* similar situatlona an being 

encountered in procuring other critical naterlals, the developoient and 
loplementation of a national minerals policy is needed that recognizes 
and resolves the U.S. mineral dependence problems on a systems basis 

rather than from a simplistic raw materials approach: the complex nature 
of the manganese supply, processing and use chain must be considered, 
including such issues as world supply and demand patterns, adequacy and 
stability of U.S. supply sources, transportation problems, displacement 

of domestic f erromanganese furnaclng capacity, national stockpile 
reserves, and diversification and development of new sources of supply. 
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CHAPTER TWO 
IMTMOUCTION 



Manganese Is a critical raw material for the steel and ferrous 
foundry industries, which in turn are basic industries upon which « 
substantial portion of the U.S* economy depends. The comercial 

Importance of manganese derives mostly from the beneficial effects it 
has on iron and steel, i.e*, desulfurization; deoxidation; inhibition 
of grain-boundary carbide formation; and the alloying effects of 
increased strength, toughness, hardness, and hardenability. Manganese 
also provides similar properties to iron castings. Other uses are as 

alloys with alufflinum, Dagnesium, or copper* Manganese dioxide is used 
as a depolarlser In dry-cell batteries, and as an oxidant in the 

production of a variety of chemicals. Manganese or manganese 

chemicals are used to impart color in ceramics and are ingredients in 
SOTO paints, dyes, fungicides, and pharaaeeutlcals. 

U»S» demand for manganese in all forms now ranges from 1 to 1.4 
million m.t* annually, of which 98Z is imported. Based on current and 
projected prices and the low quality of our doMStle vssources, the 

United States will continue to import manganese. This situation has 
important implications, especially in light of the fact that there are 
no suitable substitutes for the metal in its major application, the 
manufacture of Iron and steel. Forecasts Indicate that there will be 
a substantial increase in worldwide demand for manganese through the 
year 2000 as shown in Table 2-1 (Bureau of Mines, 1979). This could 
result in keen competition for available supplies, not only by the 
free-world nations but also by the centrally planned economy 
countries. Should U.S. supply of unganese be curtailed or 
interrupted for this or other reasons* the adverse effects on the 
economy would be far-reaching. 

The principal free-world sources of manganese are the Republic of 
South Africa, Gabon, India, Australia, and Brazil. These free-W>rld 
natlona accounted for about 54Z (Bureau of Mines, 1979) of total vorld 
production in 1977, and of the total for the five countrlea, the 

African nations provided nearly two-thirds. Therefore, In 
consideration of the world political climate, it is clearly in the 
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national Interest to provide the goveriMeiit and the private sector 
with the best possible estimate of manganese resources worldwide, 
including their geographic accessibility and degree of availability* 
Of specific concern are the resources and reserves oi the free world 
and, in particular, of those nations retarded to be the oore stable 
sources of manganese supply. 



2.1 BUREAU OF MINES MINERAL DATA COLLECTION AND ANALYSIS SYSTEM 

The Bureau of Mlnea (BOM) Is the principal goveraaent agency 

concerned with collecting and analyzing data relating to worldwide 
manganese ore reserves and supplies, and in projecting future demands 
for the element. In carrying out this responsibility, the BOM relies 
on a variety of data sources. Periodic and special reports from 
Department of State mineral reporting officers and regional resource 
attaches In U.S. consulates and enbassles, statistical and other 
reports of foreign governments, and contacts with other knowledgeable 
foreign sources are important. Information obtained from canvassing 
the Industry and business sectors; contacts with industry, acadenia, 
the U.S* Geological Survey and other government agencies; study and 
analyals of the literature, trade Journals, and other periodic news 
reports and publications provide additional najor input to the BQM'a 
data collection systea and to Ita aaaeaaaent of reserves and reaources. 

Easily interpreted manganese ore reserve and resource data are 
Obtained readily for some countries, but for others, differing and 

often uncertain data bases that have been used make assessment 

difficult. Classification systems for distinguishing between ore 
reserves and resources differ throughout the world, even when 
purportedly following a specifically defined ayatem auch as that of 

Bulletin 1450-A (1976). 

Much data available to the Bureau of Mines appear to give little 
recognition to recovery and accessibility factors, or to the type or 
character of the ore other than its manganese content. Distinctions 
between oxide and carbonate ore say or oay not be clear. 



2.2 CHARGE 10 THE PANEL 

This study was conducted by the Panel on Manganese Supply and Its 
Industrial Inplleatlona of the Contittee on Technleel Aspect e of 
Critical and Strategic Materials at the request of the Bureau of 
Ittnes, U.S. Department of the Interior. The charge to the panel una 
to enmlne critically world aourcea of aanganeae with respect to 
quantity, quality, and, as warranted, production capabilities. The 
primary objective waa to make the best estimate of the gross weight 
end mengenese content of land-baaed reserves, and to a lesser extent, 
the other identified resources of each country known to possess 
manganese deposits of any consequence. Sea-floor deposits were 
acknowledged as a resource, but were not to be given detailed study. 
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2.3 SCOPE OF IBS SVm AND APPROACH 

The organization and content of this report reflect the conaensua 

of a mulcl-dlscipllnary panel. Individual chapters deal with the 
worldwide geological occurrences of manganese deposits, the status of 
■eabed nodule development, the technology of manganese ore nlnlng and 
procesBing* and industrial Inplleatlons. 

A problem faced by the panel Involved the adoption of acceptable 
definitions for iDanganese resources, reserves, and the various ore 

classifications. Some of the questions which arose concerned the 
tenuous distinction between resources and economic reserves, and 
econoalc and subeconomie reserves, InasoMich as they are changing 

constantly due to new technology developments, price, and other 
factors. Furthermore, assessing the reliability of raw and converted 
data from a large nunber of diverse sources was an obstacle to 

accurately Identifying the proper resource categories. Further 

discussion of these and other problems and their solutions is provided 
under the appropriate chapter headings. After considering a nuaber of 
alternative approaches, the panel adopted the general classification 
system outlined in Bulletin 1450-A (1976). Also, the estimates were 
influenced to some considerable degree by the panel's assessments of 
the current or future accessibility of certain resources and the 
reliability of supply from the primary source nations. The panel has 
made every effort to be consistent In presenting all data in metric 

tons (■•t«); however, some deviations do exist* Conversions to 
eooawnly used weights are provided below. 



Hetric ton - 2205 pounds (Avdp) 

- 1.102 short tons 

- 0.984 long ton 



Short ton - 2000 pounds (Avdp) 

- 0.893 long ton 

- 0.907 metric ton 



Long ton ■ 2 240 pounds (Avdp) 
■ 1.120 short tons 
- 1.016 metric tons 



REFERENCE 

Bureau of Mines, U.S. Department of the Interior. Manganese — Mineral 
Conmodlty Profiles, (Update of October 1977 issue), Washington, D.C., 
U.S. Government Printing Office, July 1979. 
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CHAPTER IBKEB 



GEOLOGICAL OCCURKENCE WORLDWIDE 



3.1 MANGANESE OBE OCCURKENCES VERSUS ORE DISCOVERIES 

Manganese comprises about 0«1Z of tho earth's ertiat and Is the 12th 
Bost abundant element. Some coauBon rocks contain as much as 0.16Z 
manganese on the average. The formation of ore-grade material requires 
manganese to be concentrated froa 250-500 tlaes above Its erustal 
background level. Such a concentration factor is similar to that of many 
other types of metallic ores. Manganese can be moved and concentrated 
readily in aany geologic environments. These factors account for the 
very large number of known subeconomlc manganese concentrations and 
suggest that many undiscovered concentrations may exist In areas where 
exploration is Incomplete. 

An economically important manganese concentration by today's 
Standards must have a large tonnage of ore. In addition to being high 
enough In grade, it must also meet other requirements such as mlneralogic 
form and contain a minimum amount of undesirable elements. Hence, only a 
small proportion of manganese deposits is exploitable. Nevertheless, It 
is expected that soom inportant, large* undiscovered dep<»Bits may exist. 

Some of the important geologic processes that concentrate manganese 
are restricted to zones at or very near the earth's surface. Therefore, 
as a general rule, there is a higher probability of finding manganese ore 
at the surface than at depth, but more deeply buried ores of some genetic 
types are also possible. In addition, many geographic regions likely to 
contain manganese ore have been intensely searched. In these areas, it 
can be Judged that most, if not all, large deposits with prominent 
surface expression have been found. It is likely, therefore, that future 
discoveries, if made, either will be in new, currently unrecognized 
manganese-bearing regions, or will be burled deposits with little or no 
surface expression. This Is because some older surface deposits might 
have been buried and preserved by geologic activity. 

Several factors make such discoveries very difficult: 

• Msnganese ore has no distinctive geophysical expression so that 
geophysical techniques that are very successful In finding deposits 
of other metals are of little use in msnganese exploration. 

9 
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• Hanganese is aa abundant and readily concentrated elenent ao that 

geochemlcal prospecting techniques are of little use. Manganese 
concentrations can be found ao frequently, mostly not related to ore 
bodies, that the reaulta ate not aufflciently discriminating to be of 
value In the aearch for ore. 

• Some manganese ores, unlike many other metallic ores, are not 
aufflciently unuaual In appearance to attract the attention of 
untrained Individuals and therefore axe not likely to be found 
accidentally by a nongeologlat* 

• The present level of understanding of the geologic controls of 
manganese ore formation is inadequate to predict, on geologic 
grounda» aufflciently anall regions of high potential to be explored 
effectively. 

IhuB, although It la likely that large undiscovered ore bodlea exlat* 
finding them is very difficult, and dlacoverlea are unlikely unleaa very 
extenalve re aearch and aubaurface exploration are carried on, or they are 
found by chance. 



3.2 CLASSIFICATION OF tlANGANESE DEPOSITS 

Manganese deposits arc varied both as to their geographic 
distribution and to their type of geologic occurrence. Geographically, 
they are known to occur on all of the continental surface areaa and they 
also have been identified on the ocean floors throughout the world. 
Geologically, manganese deposits are found in a wide range of 
envlronoenta, Including: sedimentary, where they are associated with 
varlona typea of aedimentary and volcanic rocks; hydrothermal , where the 
manganese was deposited under the Influence of volcanic-hydrothermal 
activity; and residual, where manganese was concentrated in situ, by 
weathering proeeaaea, on a variety of hoat rocka. (A gloasary containing 
many terms used in this report provided after Chapter 7.) In naiqr 
depoalts of manganese there is evidence of overlapping of the 
envlromenta of depoaltlon and of the proeeaaea of foraatlon. Different 
criteria have been used by different workers to classify manganese 
deposits (Park, 1936; Varentsov, 1964; Roy, 1969 and 1976; and Dorr, 
1973) . The ayaten uaed herein ref lecta the outline proposed by Riqr 
(1969, 1976). 



3.2.1 Sedimentary Depoelta 

Thm depoalts of sedlaencary origin make up the largaat group of 
economic manganeae occurrencea In the world. Theae depoalta can be 

divided into two main types: volcanogenetic-sedlmentary or 
nonvolcanogenetic. (Krauskopf , 1967; Stanton, 1972). This 
claaalflcatlon dependa reapeetlvely upon the aource of the aanganeae that 
was derived from volcanic activity In the former, or from the weathering 
of crustal rocks in the latter (Roy, 1976). Manganese deposits are found 
la association with different llthologlc types that range from claatlc 
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•edlBcntB of varying eoaposltlon to Iron fomatlons and carbonate roeka. 

They are also found In varying tectonic frameworks ranging from mobile 
geosynclinal belts to atable platform areas. The different envlronnental 
eonditiona vlthin vhlch nanganeae can be deposited tend to overlap, with 
the end reault that unganeae can be aaaociated with claatic aedtaeota, 
iron formations, or carbonate rocka in eithar a gaoayncllnal or atable 
platform scruccural setting. 

The distribution of manganese deposits In geologic time ranges from 
Precambrian to Cenozolc, although the volume of sediaantary manganese 
variea greatly froa one tine period to another. About lOX of tha world* a 
known manganese ores are found In Precaaibrian roeka, and lesser 
eoncentrationa are found within tha auccaadlog roeka of the lower 
Gaabrtan and ald'Paleoaolc. There were no algniflcant manganese 
oeeurvances known in Mesozolc rocks until recent discoveries of resourcea 
were reported at Groote Eylandt, Australia and Molango , Mexico. By far 
the largest known accumulations of terrestrial manganese are those which 
occur within Cenosolc rocka. 

Occurrancaa of nanganese of early Precambrian age were most commonly 
aaaociated with geoaynclinal wobile tectonic environment a, whereaa thoae 
of the Cenozolc are found largely in stable platform settings. The 
largest known manganese resources, those which can be calculated In the 
hundreda of mllllona of tons, are thoae aedlmentary accumulations found 
in tectonically stable platform areaa* Varentsov (1964) has calculated 
that 73Z of the known terrestrial manganese Is In the Cenozolc platform 
depoaita of aouthem USSR (i.e., Nikopol'). Also included as sedimentary 
depoalta are the aea-bottoa aceuaulationa of aaoganeaa nodulaa. 

The manganese which contributes to the sedimentary deposits can be 
derived from the weathering of the continental land masses, the 
weathering of volcanic rocks, and the volcanic and/or hydrothermal 
exhalations into either a terrestrial or marine envlroranent. Whatever 
the aouree of the manganeae, once it la introduced into a atandlng body 
of water, it becomes subject to the processes of sediment transport and 
depoaition. The environment of the deposltlonal site influences the 
character of the reaulting depoait. Manganeae depoaited in a near-ahora, 
strongly oxidizing environment, with relatively free water circulation, 
will be in the form of oxide minerals and can be aaaociated with a 
variety of claatic aedlaenta. In thla envlronaent, and becauae of the 
high concentration of oxygen, carbonaceoua aaterlal is either absent or 
In low concentration. Conversely, the manganese deposited in a reducing 
environment at greater depths or in closed basins will be in the form of 
earbonatea or will be associated with carbonate and aomatiaaa clayey 
carbonaceoua material (Dorr, 1973). 

The aedlmentary depoaita of manganeae can be divided Into aeveral 
broad claaalficationa aa followa: 

1) Vblcanogenic Ineludea thoae aedlmentary depoaita in which the 
manganese can be related directly or Indirectly to volcanic 
aourcea. Theae can include manganeae releaaed by the weathering 
of volcanic roeka, or aanganaaa f ton direct volcanic activity. 
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I.e. , item volcanic exhalations or f roa the reactions betveen 

volcanic rocks and marine waters during subaqueous volcanic 
eruptions* Evidence for the volcanic derivation of those 
deposits could include a close spatial association of the 
manganese beds with volcanic rocks, interbeddlng of the 
■anganeae and volcanic rocks, an association with hydrothenital 
deposits, and an association of the nanganlferous rocks with 
bgrpogene alterations* Som of the manganese occurrences 
considered in this category are the deposits in Morocco, Sweden, 
Nsuta In Ghana, and In the Olympic Peninsula In the United 
States. 

2} Nonvolcanogenlc sedimentary deposits include those where the 
■anganeae ms not related to any volcanic source, but was 
derived from the weathering of a continental land mass, 
transported by streams, and subsequently deposited In standing 
bodies of water adjacent to the land areas* Depending upon the 
environment of deposition, the manganese mineralogy could be 
predominantly oxides or carbonates as previously described. 
These nsnganese deposits are frequently associated with 
orthoquartzlte-glauconl te clays and/or carbonate formations. 
The mineralogy of the deposits generally consists of higher 
oxides (pyrolusite) that in some instances are knowi to grade 
off laterally into manganiferous limestones-dolonites and 
manganocarbonates. These deposits, sometimes referred to as a 
"pure sedimentary" type, comprise some of the more important 
known manganese depoeits, i.e., Chiatura and Nikopol' of USSR; 
Norro do Urucum, Brasil; and Madfaya Pradesh-Haharashtra, India. 

3) Manganese deposits are also associated with meta-sedinentary 

iron formations of probable Precambrlan age as in the 
Postmasburg and Kurunan (Kalahari) areas of South Africa, Minaa 
Gerais and Horro do Uructra of Brazil, and Mally Khlngan in 
USSR* The manganese beds were probably deposited both as 
low-grade carbonates and/or oxides in close association with the 
iron formation. Opinion varies regarding the genesis of the 
deposits; however. In some instances it haa been noted that the 
original protore may have been secondarily enriched by supergene 
processes prior to its being subjected to metamorphlsm. The 
iron formation units are extensive and have been traced 
laterally over great distances, whereas the associated 

individual manganese beds may vary In thickness and continuity 
along strike. 

4) Sedimentary accumulations of manganese cover vast areas of the 
floors of the North and South Atlantic, North and South Pacific 
and the Indian Ocean. The manganese occurs as individual nodule 
accretions or as welded sheet'like beds of nodules forming 
extensive pavement-type accumulations on the ocean bottom. The 
nodule sizes range from a few millimeters to several tens of 
centimeters in diameter* The thickness of the accumulations is 
relatively thin and it Is reported that the upper 30 cm of the 
sea bottom may contain about 6SZ of the useful material (Dorr, 
1973). 
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The higher grades of ■engsaese nodules ere found within Che deeper oeeen 

basins at greater distances from the land areas where clastic 
sedlaentation was olnlnal. The aaoganese content of the Pacific nodules 
is higher then that of the Atlantic, as shown in the following table 
(Ifeiss, 1977): 





TABLE 3-1 




COMPARISON 


OF PACIFIC AND 


ATLANTIC 


NAMGANESE NODDLE GRADES (PEKCENT DRY VBIGBT) 




Pacific 


Atlantic 


Manganeee 


29.8 


15.7 


Nickel 


1.36 


0.59 


Copper 


1.2 


0.14 



The origin of the manganese is considered to be varied and is probably 
derived froa several aources: suboarlne volcanlsa; subaqueous alteration 

of oanganese-bearlng volcanic rocks; dlagenesls within the bottom 

sediments, accompanied by the upward migration of manganese to the seabed 
surface; end the depoeition of nengenese derived froB the subaeriel 

erosion of the continental land masses. Resources have not been 
accurately measured but they are considered to be vast. 

3.2.2 Hypogene and Exhalatlve Deposits 

Hypogene manganese deposits are those that were emplaced by thermal 
waters rising from the earth. The source of the waters and Its dissolved 
Mineral component could be from crystallizing Igneous rocks or they could 
be heated ground waters thet ecquired their aineral content while 
circulating through the upper mantle and crustal rocks. As thermal 
waters rise toward the surface, they undergo temperature and pressure 
changes and constantly change their chenicel eoaposition so they reect 
with the enclosing rock. They deposit a part of their chemical burden 
along the channel ways, while taking other constituents Into solution. 
The resulting ninerel eecunuletions occur es vein depoeits in frectures 
and as replacements usually associated with intrusive and volcanic 
rocks. These types of deposits are made up of carbonate and oxide 
•anganese ninerels* along with other hydrothenel ninerels such as 
barite, fluorite, sulfides » etc. 

BxsHples of hypogene-hydrothsmel vein type end repleceaent deposits 

include Butte and Phllllpsburg, Montana, the San Juan region of Colorado, 
and various localities In the southwest United States, Japan, USSR, and 
Morocco. The present-day deposition of manganese Is reported from e 
nunber of eetive hot springs in the weetem United States and in Japen. 
These types of deposits are generally quite small. The subsqueous 
exhalation of manganese-bearing hydrothermal solution directly Into the 
oceans is believed to have contributed In part to the aecunulation of 
seabed nanganese nodules. 
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3.2.3 Metanorphosed Deposits 

Sulasequent to their eaplaeenent , sooe manganese deposits of either 

sedimentary or other origin have been subjected to thermal and/or dfntmlc. 
metamorphism, which resulted in internal changes to the original 
deposit • In some cases the metamorphism may have affected the grade of 
the manganese minerals by slight decrease In their degree of oxidation 
and correspondingly slight changes in their manganese content. In other 
cases the metamorphism Induced reactions between the primary manganese 
minerals and contained impurities (i.e., 8102) and converted them to 
manganese silicate mineral -bearing rocks such as gondltes, which rarely 
have commercial value. Roy (1976) summarises as follows: "Mai^ of these 
deposits have later been modified by thermal or regional metamorphism or 
both.*. In all cases, the effect of metamorphism is limited to 
reconstitutlon of mineralogy and texture of the pre-existing orebodies 
and no particular improvement of tenor took place by this process." 

3.2.A Surf icial-Resldual Deposits 

Residual deposits are formed near the surface by the supergene 
processes of leaching and residual enrichment of either existing 
manganese deposits or loi^grade menganese^beariqg pro tore. Changes in 
oxidation states and circulating ground water are factors influencing the 
alteration and mobilization of the manganese minerals (see Table 3-2 for 
formulas for some manganese minerals). These concentration processes are 

sljillar to those that form lateritic iron, bauxite, and nickel deposits. 
The residual manganese cappings are made up of the minerals pyrolusite, 
ciyptomelane, and manganlte. The manganese in the protore includes 
disseminated manganese carbonates and silicates in low concentration in 
shales, phyllites, dolomites, and gondltes. The formation of the 
residual manganese caps is usually above the level of the water table. 
The residual concentration processes increase the manganese content, and 
deposits of this type generally contain the higher grades of aanganeae 
ores. 

Residual deposits of manganese are the most commonly noted 
occurrence. They range in size from small boulder-sized masses to large 
deposits of great economic significance. Included among the latter are 
those manganese deposits of Amapa in Brazil, Piedra Negra in Mexico, 

Moanda in Gabon, Ghana, and many of the deposits in Australia and India. 



3.3 END-USE CONSIDERATIONS 

Maiqr ores furnish a single product or metal where there is little 

range in product quality (e.g., copper), but manganese ores and 

concentrates from them have a wide range of product quality. Thus, the 
oversimplification of generally assuming that one ore can llmltlessly 

substitute for another leads to a misconception when strategic 
considerations are Involved. For example, some USSR concentrate has a 
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TABLE 3-2. CHEMICAL FOINDLAS OF SOME MANGANESE MINERALS 



MINERAL 



CHEMICAL FORMULA 



Alabandite 
Bementlte 
Bixbylte 
Braimlte 

Crypt ome lane 
Hausmannite 

liolUndic« 

Jacobslte 
KuCnahorlte 
Lithlophorlt« 
Manganlt e 
Manganocalclte 

(ManganMn C«lclt«) 
Man^^anoslta 
NsutlCe 
Fartrldgelte 

Pledaotttlte 

Pollanlte 

FslloMlane 

Pyroluslte 

Ransdellite 

Kandelte 

Rhodochroslt* 

Rhodonite 

Spessartlte 

Tephrolte 

Todorokite 

Itad 



MnS 

2MnSl03 H2O 

(MnFe)203 

3(MnFe}203 M118I03 

K2Mn80i6 
MiiMn204 

MnFe204 
(CaMn) (C03)2 

LIN113AI2O3 ShjO 

MnO( OH) 
(CaMn)C03 

MnO 

Mn02 

Hn203 

fa (Al.Fa,l4) {<M)^ti% 
MnOj 

(Ba.HjOa Mn50io* 

Mn02 

Hn02 

(Ca,Mn)Mn409 2H2O 

MnC03 
MnSi03 

Mn3Al2Sl30i2 
Mn2Si04 

(Mn,Ba»Ca,M8)Mn307 U2O 

An Impure mixture of 
manganese and or other 
oxides* No definite chemical 
fomila. 



*Hlghly variable 
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Mn content sufficiently high to be uaabl* la tlie market economies, but 
the physical character and phosphorous content make It a handicapped 
subiticute. Certain South African materials are high in basic carbonate 
coapounds (and low In M11O2) that would incvemM electric furnace slag 
volume and thus power consumption to 1.4 times the base. High-use 
proportions would result In erratic furnace operation and Increased 
energy cost (Borden, Presentation to the Fsnel, 1979). 

Ihe following considerations assume present use practice of which the 
major factor is the predominant production of standard (78X manganese) 
high-carbon ferromangamae (FeMn). (Domestic ferromanganese standarda of 

certain countries, for example Japan and Mexico, specify lower manganese 
content, in the 70Z-7 3Z range, but these exceptions do not greatly affect 
the general consideration.) 

3>3«1 Metallurgical Ore — Desirable Characteristics 

The best ores (or blends) for manganese ferroalloy production should 
have a manganese to iron ratio of 7.5 to 1, be easily reducible, slnlaise 
energy consumption, be low in contaminants, have good physical sCructttre« 
and produce manageable amounts of slag. There are no standard 
specifications to cover these properties. Sise and chemistry are 
mentioned, but these alone do not reveal the entire degree of suitability 
from the furnace operator's standpoint. 

The ferroalloy industry has the electric furnace technology to 
produce 1980 specification 78-80% standard ferromanganese from almost any 
combination of manganese ores which vlll provide a blend containing a 
manganese content of 25% or more, a manganese to Iron ratio of 7.5 to 1 
or higher, and a phosphorus content of 0.13% or less. If the industry 
Standard for ferromanganese were reduced to 75X manganese In the alloy, 
the required manganese to iron ratio could be reduced to 5.5 to 1 . 

1980 competitive economics, however, require the use of the highest 
manganese content ores in order to achieve the lowest cost of ore 
transport, electric energy, reduelug agents, labor, and capital 
Investment per unit of ferromanganese produced. Achieving the optimum 
balance of these factors in the furnaced ore blend which is unique to 
some degree for almost every electric furnace In the world, requires 
computer collation and evaluation of the factors introduced by each 
specific ore, for each furnace. 

The higher purity ores available in the world today have Si02 + 
Al O3 contents ranging from 4. 52 to IIZ, requiring the electric 
furnace to consume energy and reducing agent in the smelting of these 
slag-producing compounds. To recover the Investment in power and 
reducing agent, many producers employ a "slag^re cycle" operating practice 
to produce a slag containing 4'3aX manganese for subsequent use In the 
production of sillcomanganeae alloy. By this method, 95Z or more of the 
manganese content in the ore may be converted to uaable product. 
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Utlm this tUg-rteyelt practice tlw orlgliial ot« blend autt eontalB 

a higher aanganese to Iron ratio of not less than 8.5 to 1 for 80Z 
Btandaid f crroiMngAiMae and 6 to 1 for 75Z standard f erronanganaaa* 

For tba purpoaas of thia attidy. It ahould ba notad: 

!• Although the technology exists for the production of 
farrcoHinganaae from low purity ores, the U.S. capacity for 
ferromanganeaa production would be nore than proportionally 

reduced. 

2. The costs of energy, reducing agent, labor and transport 
costs vary for each producer. Variations in these factors 
penilt South Africa to produce competitive ferromanganeae uali^ 
a blend of native ores which could not be economically 
considered In the U.S. Similarly, Mexico has used a base ore of 
27Z manganese content via pre-reductlon In a nodullzlng kiln to 
produce a 39Z manganese nodule, which waa In turn uaad aa the 
"ore" feed to the electric furnace. 

Generally the high- and medium-grade ores are used In alloy 
production. The lower-grade ores, with less than 35% manganese plua 
about 202 iron content, are used in blast furnace additions to oanganlse 
the hot metal. However, aa Table 3-3 shows, some high-grade 
metallurgical ore Is also used In blast furnare additions. The total 
world pattern is unclear, but recently has been elucidated to some extent 
In the btematlonal Iron and Steel Inatltute (IISI) aurvey of manganeaa 
ore uae* 

3.3.2 BlendliB 

Becauae of the complex factors involved, the nonlntegrated producers 
conalder blending of ores a preferred policy and. In fact. It Is the 

almost universal policy. This means that no one ore, however good, would 
be used exclusively since the alloy producer will obtain some commercial 
benefit by using lower cost off-grade ores as well. The United States, 

United Kingdom, Japan, and Canada use five or more ores In blends. 
Generally a minimum average of 37Z manganese in the blend is tolerated. 

On the other hand, a country or producer that has both Its own 
manganese ore and a ferroalloy industry (integrated producers) has a 
tendency to make the moat uae of its own ores, even If they are of 
Indifferent quality (Borden, 1979). As an Illustration, for internal 
consumption Mexico uses its own Molango sintered nodules (37Z manganese) 
to make nonstandard f erromanganese. However, it imports high-grade ore 
(from Brasll and Gabon) to blend In amounta of 30%, with local alntar 
when making standard f erromanganese for re-export (see references under 
Mexico). Because of the good quality of its single, significant, 
high-grade source and the varied concentrator produeta, Attatralla*a 
ferromanganeae producer does not need to Import blending ore. However, 
those products that are more difficult to market, such as fines from the 
nine, are alntarad. Ihla currently conprlaaa 65% of the farrcma ng a na aa 
buxdan, the balance being lump. 
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While South Africa has a rather Ivportant aaount of 38Z aanganese 

naterlal, with good manganese to iron ratio (8/1), this more abundant 
■aterial is not used exclusively for alloy production in the (reportedly 
cheaper) electric furnacea* However, it is used in blast furnace 
production for domestic consumption* Samancor's principal ore supplies 
are from the high-grade underground Weasels mine (the substitute for the 
now-exhsusted Hotasal mine of aimilar quality), having 47X mai^anese, 
12-142 iron (Mn to Fe ratio of 3.5-4 to 1); and the open-pit but 
lower-grade Mamatwan mine with 38Z manj^anese, 5% iron (Mn t o Fe ratio of 
9/1) in about equal proportions. The reserves oi the two mines are not 
in equal proportions, but rather in the proportion of 1 Wies8els/3.3 
Mamatwan. Strelcher (1979) mentions that the high-grade ore (+44X 
manganese) is only 2.3Z of the total resources and is mined 
preferentially. It wcrald appear that the decision to open the 
underground Wessels mine, rather than expansion of open-pit Mamatutn 
production to supply all ore desired, is based on metallurgical 
considerations- Thus, blending of only indigenous ores was a necessary 
practice. 

South African recognition of this consideration is illustrated in 
Featherstone's comment to the First International Congress on 
Ferroalloys, Johannesburg, April 1974: 

Mamatwan ore is singled out for further consideration and it la 

shown to be unsuitable for the production of high-carbon 
f erromanganese in the electric furnace. It is clear that 
Mamatwan ore Is unsuitable for the electric-furnace production 
of high-grade 40% MnO slag and, although it can be used for the 
production of 20% MnO slag, the results do not compare favorably 
with oversees prsctice. 

The reference considers the evident alternative, which is to use 
Mamatwan ore in blast-furnace production of f erromanganese, and 
particularly in a low-shaft furnace specifically designed for the alloy 

production rather than in an iron blast furnace. Other consideratlona 
then come into play as described by Featherstone (1974): 

On the other hand, the scarcity of good metallurgical coke 
cannot be ignored, and especially in countries having limited 
reserves of good coking coal, such aa South Africa, it staada to 
reason that the eatabliahed iron furnaces are to be given 
priority. 

Form coke and anthracite have been mentioned as possible 
replacements for metallurgical coke... both the enormous deposits 
of manganese ore suitable for blast-furnace reduction (Mamatwan) 
and the looming shortage of netallurgical coke in this country 
render it ittperative that an economic substitute should be found 
speedily . 

It is claimed by Durrer and Volkert that the world's reserves of 
high-grade manganese ore amount to approximately 500 million 
n.t*'s* MamatiMm-type ore, which ao far has not bsea regarded 
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as belonging to this classification, possibly totals the saaie 
amount. It has been shown that, compared with other ores, 
MsBBtwan ore is not regarded as suitable for submerged-arc 
furnaces, but can be used effectively In blast furnaces, and, 
therefore, by introducing such a process, ve stand to double the 
quoted ore-reserve tonnage. 

In the ensuing discussion It was stated: 

In the Transalloys operation, the proxlalty to the source of 

ore, and the ability to produce a high-manganese content in the 
alloys, appear to make the delivered cost of the alloy to Europe 
or ilaierlca competitive. It Is doubtful whether a production 
operation located in these overseas markets could be economic if 
based only on Mamatwan ore since the transportation cost per 
manganese unit would be very high from the mine to Europe or 
ilnerleai 

In view of the preponderant quantity of Hamatwan-type ore In the 
South African resource base, the above comments imply that the 
llnltations on use make the large quantity of that material In the ground 
of lesser Importance than simple abundance tfould Indicate. In fact, the 
South African ferroalloy industry perceives a problem: its competitive 
position is based on inexpensive electric power and electric furnaces, 
whereas the most abundant manganese material appears better suited for a 
low-shaft blast furnace for which there Is no natural energy cost 
advantage* 

Brasll also blends. Although It has both high- and mediocre-grade 

manganese ores, high-grade ore Is imported from Gabon. This is a matter 
of economics as the high-grade Amapa ore in the north costs more to 
deliver to Brazilian furnaces In the south than some Imported ore. 

It is evident that ores which give the best furnace performance will 
be used preferentially. Ihese are generelly the high-grade ores, but 
they will be blended to some degree for technical and economic reasons* 
In other words, the various manganese ores complement rather than 
substitute for each other. Thus, the amount of certain less than Ideal 
ores that are used Is conditioned by the availability of the more 
suitable grade material with which to blend them. However, regardless of 
abundance, some ores will be used only in certain manageable proportions 
unless current prectlce changes. Thus, under present conditions the 
quantity of reserves or resources of some ores Is not so Important as the 
extent to which they will be used. If that use is less than the quantity 
base, the reserve or resource tonnage number does not provide the full 
picture. It Is recognized that deposits of low-grade ores will 
eventually become a source of supply. This will be determined by the 
economies of the mining activity relative to the world market and the 
development of the needed technology to exploit these sources. 
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3.3.3 Battery Grade 

Satisfactory performance of battery grade ores is usually the 
deteralning factor In their use and chemical composition can vary over 
rather vide Halts. The Moanda, Gabon, battery-grade dioxide that 
doaifiates the aarket contains 83.64X Mn02* Other ore grades are as 
follows: Ghana — ^78X Hn02; Ifexlco 76Z Nn02; and Greece— 67% and 
74-7 5Z Mn02. 

tfeias (1977) states: 

The physical and chemical properties of manganese dioxide 
required or desirable for the battery cathode have not been 

well pstabllshed. At a symposium on manganese dioxide In 
Cleveland in 197 3, the Electrochemical Society stated that 
*the electrochemical behaviour of manganese dioxide in the 
battery Is Influenced by crystal structure, surface area, 
pore size distribution, shape and size of the particle, 
electrical conductivity, surface conditions, chemical 
composition, various Impurities (RjO and foreign elements) 
and defects In the structure. 

Several factors control the suitability of manganese ore for 
dry-cell manufacture. Chemically, the ore should have high 
oxygen availability for the cell hydrogen reaction, a olnlnun 
of iron and should be free of copper, nickel, cobalt, arsenic 
and other metals electronegative to zinc. Physically, the 
ore should be s^&ewhat hard but porous. Since it Is believed 
that the depolarising action in the cell is a aurface 
reaction ( i . e . , starts at the surface but diffuses throughout 
the particle), the porous ore is able to react throughout Its 
mass, not only on the outer surface. Hn02, with higher 
water content, Is more suitable as a depolariser. It is 
thought that water In any form plays an important role during 
the discharge of Mn02; that it helps the proton migratiea 
and that thte reaction can proceed more readily through the 
built-in water* 



3.3.4 Chemical Grade 

Weiss (1977) gives the following: 

There Is no such thing as a chemical-grade manganese ore. 
Ihere is only a manganese ore that is used in chemical 
applications becauae of Its oxygen content or because for one 
reason or another It Is suitable for use In the production of 
manganese compounds and chemicals, in agriculture, in 
welding, in ceramics and a wide range of other Industries. 
Multi-purpose ores are Increasingly used to produce chemicals 
such as hydroquinone, potassium permanganate and other 
permanganates, as well as alloys, metal and synthetic 
manganese dioxide. 
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There are a few manganese deposits that produce ore 
specifically for their oxygen content* The Imlnl mine In 
Morocco sells its product on the basis of manganese dioxide; 
the Transvaal deposits of South Africa are mined almost 
exclusively to provide manganese dioxide for domestic uranium 
oxide production. But hundreds of thousands of tons of 
manganese ore classified as 'metallurgical* are USed in 
nonmetallurgical applications. 



3.3.5 Present World Distribution of Product for Different End Uses 

The following estimated world distribution Is for the year 1977, 
vhich is the most recent year for which the BOM has published world 
production data (U.S* Bureau of Mines, 1977). The nonmetallurgical use 
data have been largely derived froa Weiss (1977). 

8*A million m*t* high-grade produced and used for 
f er ronanganese ; 

1.7 million m.t. low-grade blended with high-grade for 
f erroaanganese ; 

10.3 million m.t. low-grade used in other than f er romanganese 
use; and 

1.4 million m.t. special grade for nonmetallurgical uses. 

21.8 ailllon m.t. total. 

It is estimated that about 10.3 Billion m.t. of high-grade ore were 
produced In 1977. The excess 1.9 million B.t. above the 8. A million m.t. 

of hii^h-f^rade ores in the listing above were used as direct blast furnace 
additions or for other uses. The battery-grade ores are also high-grade 
but are not included in the above cited 10.3 ailllon a.t. of high-grade 
ore. 

A scan of the literature indicates that a mrldwlde aetallurgical 

balance has not been published and the above is an attempt to make an 
approximate distribution. It is also apparent that the steel companies 
Bsy incorporate aore lotr-grade manganese than shown as a blend with 
high-grade ore to make f erroaanganese alloys. Consequently, the tonnages 
indicated above may be illustrative only. 



3.4 SIGNIFICANCE OF GRADE RANGE AND MINERALOGY* 

One of the aore difficult charges given to this panel was to 
distinguish ore reserves by using United States Geological Survey 

«For additional inf oraation, see Deposit Subheadings in Bart II. 
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lulletltt 1450-A crlt«rla (Tttila 3-4 and In Appendix A)» that are econonic 
today, fro« resources that Hay become econoalc under certain postulated 

conditions. As can be appreciated, this can be done only In an 
approximate way since the interactions are very complex. These factors 
Include the wide quality range of the manganese naterlals, varied nlning 
conditions, geography of ore usage (transport factors), geography of 
deposits, the size of deposits, and its industrial practice as to 
useablllty . 

During the course of this worldwide review, it was apparent Chat 
there Is a sharp difference In the classification criteria for ore v^raua 

resource between the free market and countries with centrally planned 
economies. The centrally planned economy countries' criteria of 
acceptability are much less stringent and their economies are viewed 
differently, primarily baeauae of their eaphasls on self-sufficiency* 
Since the panel had no access to the economics of the various 
entrepreneurs, the classification had to be made using whatever 
benchmarks were available* These are reviewed below. The reader la 
reminded that all categories of mineral resources are dynamic. They are 
alterable by changing conditions such as mining technology advances, 
local and world aconomlc conditions, end-use requirements, and depletion 
factors* 



3.4*1 Mamanese Content 

For the USSR, certid.n factors were very explicitly stated In the 
literature* for exemple, at Tchlatura the minimum economic cut-off 
criteria In the secondary recovery operation were 0.8 m thickness, and 
15X manganese. This does not mean that a deposit 0.8 m thick and ISZ 
meoganese la economic* Rather, It suggests that materiel having the 
minimum criteria could be incorporated in the quantity computation of the 
better material without having an unacceptably low average. Material 
presently mined Is presumed to be economic. The bulk of this Is Nikopol* 
ore of very low grade, averaging about 222 manganese, that under the 
mining conditions would be only subnarginal resource material in the 
West* However, it is mined for self-sufficiency reasons. Where Nikopol' 
material is carbonate and contains only 13Z manganese. It Is called 
low-grade. Other references characterised -I-2QZ manganese near the 
Caspian Sea as economic, while In the Far Bast 18-208! manganese is called 
uneconomic* 

One high-grade deposit, Tambao in the Voltaic Republic, that would be 
economic In another context, had to be classified as resource becauae the 

costs of transport do not permit profitable development at this time* In 
central Brazil, 34Z manganese carbonate material is economic under 
special local use conditions, whereas all Braslllan high-grade deposits 
are obviously economic, as are the Gabon and Australian open-pit 
deposits. In socialist countries other than the USSR, local materials of 
less than 2SZ manganese are resource unless they are open-pit or shallow 
(cf. Hungary, Bulgaria, lumania). Because the centrally planned economy 
countries' satellites are Importing increasing amounts of Western 
high-grade ore, most of the local material was classified as a resource. 
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TABLE 3-4. GLOSSARY OF BESQORCE TEBKS* 



RES01IRaS~A concentration of naturally occurring aolid, liquid, or 
gaseous materials In or on tha Barth'a crust In such form that aeonoalc 
extraction of a coomodity is currently or potentially feasible. 

IDENTIFIED RESOURCES — Specific bodies of mineral-bearing aaterial Whose 

location, quality, and quantity are known freom geologic evidence 
supported by engineering measurements with respect to the demonstrated 
category. 

UNDISCOVERED RESOURCES — Unspecified bodies of mineral-bearli^ material 
sunised to exist on the basis of broad geologic knowledge and theory. 

RESERVE-- That portion of the identified resource from which a usable 
mineral and energy commodity can be economically and legally extracted at 
the time of determination. The term ova is used for reserves of some 
■inerals . 

The following definitions for measured, indicated, and inferred are 
applicable to both the Reserve and Identified-Subeconooic resource 

components.'^ 

MEASURED- -Re sprvpR or resources for which tonnage Is computed from 
dimensions revealed in outcrops, trenches, workings, and drill holes and 
for which the grade Is computed from the results of detailed sampling. 
The sites for Inspection, sampling, and measurement are spaced so cloaely 
and the geologic character is so well defined that size, shape, and 
mineral content are well established. The computed tonnage and grade are 
Judged to be accurate within limits which are stated, and no such limit 
is Judged to be different from the cos^uted tonnage or grade by more than 
20 percent. 

INDICATED- -Reserves or resources for which tonnage and grade are computed 
partly from specific measurements, samples, or production data and partly 
from projection for a reasonable distance on geologic evidence. The 
sites available for inspection, measurement, and sampling are too widely 
or otherwise inappropriately spaced to permit the mineral bodies to the 
outlined completely or the grade established throughout. 

DEMONSTRATED— A collective term for the sum of measured and indicated 
reserves or resources. 

INFERRED — Reserves or resources for which quantitative estimates are 
based largely on broad knowledge of the geologic character of the deposit 
and for which there are few, If any, samples or measurements. The 
estimates are based on an assumed continuity or repetition, of which 
there is geologic evidence; this evidence may Include comparison with 
deposits of similar type. Bodies that are completely concealed may be 
included if there is specific geologic evidence of their presence. 
Estimates of inferred reserves or resources should Include a statement of 
the specific limits within which the inferred material may lie. 
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TABLE 3-4. GLOfiSAtt OF IBSOUSCB IBINS* (eootlniMd) 



lOENTIFIED-SUBECONOhaC — Resources that are not Reserves, but may become 
■o as a rasttlt of changea In aeonoale and legal eonditlona. 

PARAMARGINAL — The portion of Subecononlc Resources that (1) borders on 
being econoBieally producible or (2) la not eonaercially available aolely 
because of legal or political circimtances. 

SUVMARGINAL'-The portion of Subeconoaie lesoureea ffhich would require a 

substantially higher price (more than 1.5 times the price at the tlM'Of 
determination) or a major cost-reducing advance in technology. 

HYPOTHETICAL RESOURCES — Undiscovered resources that nay reasonably be 
expected to exist In a known mining district under known geologic 
conditions. Exploration that confirms their existence and reveals 
quantity and quality vlll perait their reclassification as a Eeserve or 
Identified-SubeconoHic reeouree* 

SPECULATIVE RESOUItCES~Undiscorvered resources that flwy occur either in 
known types of deposits In a favorable geologic setting where no 
discoveries have been made, or in as yet unknown types of deposits that 
remain to be recognised. Exploration that coaflms thslr existence and 
reveals quantity and quality will permit their reclassification aa 
Reserves or Identiffied'-SubeconoBic resources. 

'General guides for the use of this claaaification system are as follows: 

1. Resource categories and definitions In the classification, as 
specified in the glossary, should be eppliceble to all naturally 

occurring concentrations of metals, nonmetals, and foasil fuels. Ihe 
categories may be subdivided for special purposes. 

2. Definitions may be amplified, where necessary, to make them more 
precise and conformable with accepted usage for particular 
conmodities or types of resoitree evaluatlena. 

3. Quantities and qualities may be expressed in a variety of terns and 
unita to suit different purposes, but must be clearly stated and 
defined. 

terms proved, probable, and possible (used by the industry and 
scoQoalc evaluations of ore in specific deposits or districts) comonly 

have been used loosely and Interchangeably with the terms measured, 
indicated, or Inferred (used by the Department of the Interior mainly for 
regional or national estimstes). The terms "proved* and "measured" are 
essentially synonNtnous . The terms "probable" and "possible," however, 
are not synonymous with "indicated" and "inferred." "Probable" and 
"possible" describe estimates of partly sampled deposits— In some 
definitions for example, "probable" is used to describe deposits sampled 
on two or three sides and "possible" for deposits sampled only on one 
side; in the Bureau-Survey definitions, both would be described by the 
term "indlceted." 
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South Africa has a notable position froa the reaouree'almndanee 

standpoint and available criteria plus Judgment had to be used to 
identify the reserve portion. High-grade ore mined at 400 m depth 
(Wesaela) Is obviously economic, as is medium-grade ore mined in open pit 
vith a 3/1 strip ratio (Mamatwan). On the other hand, it appeared that 
the new entrant, Hiddelplaats , mining 37.9% manganese ore at AGO m depth* 
was hardly profitable under late 1979 conditions.* Consequently, 
material averaging less than 38e manganese at depths below 300-400 m was 
placed In the resource category* 

In the People* 8 Republic of Oiina, the deposits considered of 

economic value are the exogenous ones, i.e., sedimentary and residual. 
The chemistry provided for certain occurrences indicates a number with 
nearly equal Iron and manganese content* These are excluded as 
ferruginous manganese ore, as are others with preponderant iron. Those 
manganese carbonate ores with low iron appear to be considered economic 
where manganese content is as low as IJ'-ZJX manganese. Material 
considered to be of the best quality Is oxide secondarily enriched from 
carbonate and grades 30-36Z menganese, with low phosphorus but high 
silica, e.g., 10-252. 

3.4.2 Manganese Mineralogy 

From the mlneraloglcal standpoint, metamorphosed resources with 
abundant manganese silicates are considered worthless today. Manganese 
carbonate ore with 20Z manganese, whether deep-stripped or underground 
mined, was generally considered a resource in the NSstt but In the Bast 
it is mined in some instances and Is therefore a reserve although 
economically marginal. 

Because half the ore in the Caucasus (USSR) contains greater than 15% 
8102 and 12-22% manganese in carbonate, it was classified by the source 
reference as uneconomic. In the Far Bast, 18-22X manganese carbonate ore 
is uneconomic due to high silicate content. Manganocalclte with 20-25% 
manganese is classified as uneconomic where quantities are only in the 
tens of thousends of tons. Where lOK manganese-bearing limestone wee 
mentioned as having possible local use in steelmaking additions, It was 
nevertheless excluded as unrelated to ferromanganese applicatlona* 
Almost all Siberian "ores" have high phosphorus and carbonate content and 
are regarded by thoae describing them as subecononlc. 



3*4.3 Blast Furnace Additions 

All material described as of possible localized use as blast furnace 
or steel furnace additions, was excluded from reserves and resources. In 

*At the time of writing (July 1980) manganese ore prices have Improved 
about 30K over 1979 prices. The extent to which this Improved the profit 

margin, In spite of rising production costs. Is not known. It Is assumed 
possibly that some resources have been changed to the reserve category. 
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gciMr«l, uterlal In intttnatloiMl trade actually used for blast furnace 
additions, having 25-30X nanganese and about 20Z Iron (ferruginous 

manganese ore), was also excluded as not within the charge to the panel. 
Likewise, manganlf erous iron ore (up to 102 manganese) is not reviewed 
except where specific Inf onatlon suggests the mnganese night be 
recovered separately as a resource. 



3.5 SBSBRyB CATEGORIES AHD KELIABILITY 

Based on available knowledge, reserves In this report are categorized 
by the USGS/BOM classification. Table 3-4 gives definitions of the tems 
used in this review (Bulletin 1A50-A, 1976, see Appendix A). Reserves 
ate that part of resources which are economic to mine at the time of the 
categorization* Fbr manganese, the economic criteria applied reflect 
both cost and current Industrial practice. A minor difficulty arises in 
classifying some low-grade deposits that are economic to mine in limited 
quantltlea for nearby local use because transporting better naterlal Is 
expensive. Narrowly defined, such deposits are reserves, but if the 
local use disappears they revert to resources. Examples exist in Central 
Brasll, Kasakhatan, Siberia. Urals, Sooth Africa, and elsewhere. 
However, these epheaeral reserves axe not a large part of the world total. 

The USGS/BOM classification places an accuracy of leas than 20X error 
on tonnage and grade estimates for the neasured category* For indicated 
ore, an error margin of less than 50Z is assumed by the panel. No error 
margin is quantified for inferred ore. Where other countries have used 
terminology slallar to the British systSH of proved, probable, or 
possible, the categories have been recast as If they were similar 
respectively to measured. Indicated, and inferred. As Table 3-4 points 
out, there eve differences of substance* 

Many eastern countries and eoerglng nations receiving assistance from 
those countrlee with centrally planned economies use the revised USSR 

classification of 1953. This system employed in the USSR was adopted In 
1960 by the Council for Hutual Economic Assistance (Centrally Planned 
Beonoiqr Oountrles). This system is suHarlsed in Table 3-5. A + B are 
considered, for the panel's purpose, equivalent to measured; Ci 

equivalent to Indicated; and C2 equivalent to inferred. The admissible 
error margin is less than 13Z to 202 for A, less than 202 to 302 for B, 
and less than SQK to MX for C|* O2 may have an error of leaa than 
60% to 902. More significant in the Soviet classification Is the 
requirement that for a new mine, the quantity of reserves included in A 
•I- B should be at least 30X ot k * "B * Ci, and A alone should be et . 
least 10%. This applies to simple structure deposits of fairly constant 
thickness and uniform mineralization such as some sedimentary manganese 
depoalta* 

The socialist countries' classification is more specific regarding 
the density of exploration by reserve eetegory. For example, concerning 
stratabound manganese ores, the exploratory grid density recommended Is 
150 to 200 m for A, 300 to 400 m for B, and 600 to 700 m for C^. 
However, C Is usually Halted In dipping bedded deposits to 300 to 400 a, 
l*e* , within open pit reach* 
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TABLE 3-5. RESERVE DEFINITIONS FOR CENTRAL ECONOMY COUNTRIES 

Category Characteristics ♦ ~ 

A Reserves assessed in such detail that their mode of deposition, 

the shape, and the structure of the ore body are fully defined; 
Industrial minerals, their natural and technological types. 
Interrelationships and distribution are determined; bartisn and 
noneconomlc sectors are delimited; mining-technical 
(Igrdrogeological, engineering-geological) factors controlling 
exploitation and treatment of materials, and their quality and 
technological properties are determined precisely. Reserves of 
eatagory A «ust be outlined by positive drilling or underground 
workings or other exposaxas. 

B Reserves explored in such detail that the principal peculiarities 

of their wide of deposition, the shape, and the structure are 
known; economic, natural and technical types of mineral materials 
are determined, as well as regularities In their distribution, but 
not their precise spatial dellndtation. Inside the ore bodies, 
the character of barren and unsatisfactory sectors and their 
relationship to economic sectors are determined; barren and 
unsatisfactory sectors are precisely dellalted. The quality and 
technological properties of the ore and mining'technical factors 
(hydrogeoiogicai, engineering-geological, etc.) that control the 
working and treatnent are detemined. The outline of B category 
reserves must pass through positive drill holes mine workings or 
Other exposures. If the thickness and quality of the deposit 
naterlal is constant , a United eictrapolatad sons can also be 
included In this category. 

These reserves are assessed in sufficient detail that the 
conditions, shape and structure of the ore bodies are broadly 
outlined; economic types of ores, their natural and technological 
properties, and mining-technical factors determining the 
exploitation and processing procedures are defined in general. 
The appraisal of reserves Is established from the results of 
borings, mine workixtgs, exposures, and interpolation and 
extrapolation based on geological, geophyalcal, and other data. 

C2 Poorly explored reserves. The node of deposiitlon, shape, and 

struetuxe of the deposit axe ddetemlned on the basis of 
geological study and geophysical measurements, confirmed by 
opening of the deposit In several places, or by analogy with the 
explored sectors- The kind of ore, natural and technological 
types, and the quality are detexained f rois the analyses of saaples 
or from the results obtained in adjacent explored sectors. C2 
reserves are outlined according to the boundaries of favorable 
geological structures or rock cosplexes; on the basis of separate 

drill holes, outcrops, etc.; by Interpolation and extrapolation 
based on geological, geophysical, and other data. 
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TABLE 3-5. RESERVE DEFINITIONS FOR CENTRAL ECONOMY COUNTRIES (continued) 

Categorr Chatacf rt»tic» 

Foaalbl* Umxploved nsourees pnaaasd to exist on th« ImsIs of 

RcaervM regularities governing the origin and distribution of alnotnl 
deposits and of the results of structural and 

hiatoKlcal-geologlcal atudlea of tlia area In question* Paraaetere 
for tba asaessnent of possible reserves (strike length, thlckneaa, 
average content of useful mlnesals, etc.) are determined from 
geoieglcal hypotheses or are deduced. Possible reserves are not 
Inelndad in the national tmdget of mineral reserves; they serve 
only aa a baala for planning geological exploration. 
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According to Chernyshev (1969) in tiw USSR the r«conaended 

nconnalssance grid for C2 Is 1,200 • x 1,200 m for syngenetlc deposits 
associated with orthoquartzlte. requires 300 to 400 m; B, 300 to 
200 a; and A, 150 to 100 m, provided faulting Is minimal (Nikopol*, 
Tchiatura) and there la aceeea to oie by existing shafts and cross-cuts. 
For volcanogene, hypogene, and exhalatlve, Chernyshev recomaends a 
reconnaissance grid of 200 to 400 m; whereas for faulted stratabound but 
netanorphosed deposits (Urals), he prefers a grid of 100 ■ x 200 ■ (along 
strike) in reconnaissance and 50 m x 100 m In detail. For supergene 
oxidized mantles, he reconmends pits on a 50 to 100 m grid for final 
evaluation, after 100 to 300 ■ reconnaissance grids* 

Exploratory grid density of Western stratabound manganese deposits 
appear to be largely a ouitter of pragnatlso, but (before a production 
decision) the information available to the panel suggests no greater than 
125 m square grid for measured, and about 500 m for inferred, not very 
different from the East. As will be apparent to the reader from what Is 
described below, the South African temlnology Is Imprecise and the grid 
density Is anomalous In Its wide interval for quantified ore. It is even 
wider than initial exploratory grids elsewhere in both Cast and West. A 
coaperlson of sons explorstlon and developaent densities Is attached 
(Table 3-6). All are operating mine areas and all are shallow, except 
Middelplaats* Fsr the shallow tabular bodies, after allowing for average 
thickness difference, the density of observation in South Africa for the 
sane tonnage is one-half to one-quarter of that in other developed 
deposits* 



3*5*1 Recoverable Manganese 

One charge to the panel was to estimate recoverable manganese units* 

Where recovery factors were specifically known, for example the percent 
underground extraction and the percent recovery in benef iciation plants, 
they were actually applied* In many areas, fines are recovered as a 
resource for later utilization but may not be immediately marketable. 
Recovery losses for set-aside fines were recognized and the general range 
was 13-2(XC loss* On underground mining $ which Is principally by room and 
pillar methods, the recovery loss was assumed to be no less than 25Z ore 
left in place, rising to 50X in very deep operations* 



3.6 ASSESSMENT OF MAJOR MANGANESE RESERVES AND RESOURCES 

Reserves and resources as evaluated by the panel are tabulated. in 

Tables 3-7 and 3-8. The supporting data are in Part II, Sections A 
(major) and B (minor). The criteria employed here for the classification 
between reserves and resources were reviewed in Sections 3.2 and 3.3, 
while the criteria for classification as to reliability are in Section 
3*5* The panel has endeavored to adhere as closely as possible to these 
guidelines and rules in compiling and categorizing these figures. 

As mentioned in the Preface, this manganese resource evaluation 

(including the reserve portion) is an independent effort* The panel 

assembled a group of geologists who, in mutual consultation, contributed 

« 
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their own estimate of the order of magnitude of major reserves and 
resources based on their own familiarity, during the last decade, with 
numrotts iMfttern deposits. These Included the nsjor sources: Nexleo, 
Bolivia, Brazil, Yugoslavia, Gabon, Ghana, South Africa, Upper Volta, 
Zaire, India and Australia. A special session was held in Pittsburgh, 
Petmsylvania in December, 1979 where the group, with panel 
representatives, considered the reasonableness of numbers to be assigned 
to various categories of the major occurrences. These Judgments were 
based on all pertinent factors such as reliably established dimensions, 
depth, grade, possibility of persistence in the light of genetic type and 
known structural conplications* 

The group* 8 estlnates as they concern soaie aajor deposits were 

cross-checked and /or supplemented by presentations made to the panel by 
geologists. Where maps were available In source literature, a 
cross-check was nade on quantities using areas reasonably expected to be 
underlain by mineralization even In the Instances of some minor sources 
where no resource figure was offered by the reference. In the case of a 
single reference where there waa no faailiarity by the aub-group, the 
source reference numbers Were nevertheless evaluated as to their 
reasonableness * 

In the Central Economy Countries, resource categorization waa much 
■ore specific and the Judgment as to reserves of different categories and 
resources was less demanding. The primary contribution of the panel with 
respect to these countries was a review of more recent literature in the 
original languages and to contribute a reserve analysis by comparison 
With older references. For some areas in the West, bore-hole data, but 
little other deposit geometry, were available. Even when quite meager, 
such data can lend themselves to computer analysis. Consideration was 
given to using this approach, but the panel felt that recently published 
information on certain sparsely explored occurrences, coupled with the 
Judgmant of the geological group, waa aufficient for its aaaessment* 

Countries with significant reserves and production of high- and 
medium-grade ores and concentrates that are considered first'^rder 

factors In the present world manganese supply picture are Australia, 
Brazil, Gabon, India, Mexico, South Africa, and the USSR. A summary of 
the principal observations of these countries is presented in Tables 3-7 
and 3-8 as a consolidation of values derived from a detailed analysis of 
currently available data. The reader is referred to Part II of this 
report for further Information on each of the source countries discussed 
and on other identified sources included In this summary. Maps showing 
the location of these mines are included. The panel emphasizes the fact 
that the task of classifying resources is a highly dynamic one . What ia 
in a specific category today cOttld change when more information is 
generated or when c ire instances arise to Justify the reclassification of 
an identified reserve or resource. 



3.6.1 Australia 

After South Africa and Gabon, Australia ranks third among the free 
market countries in production of manganese ore. It ranks second after 
South Africa in terms of reserves and resources. 
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Virtually all manganese ore production In Australia cones froo Groote 
Bylandt In the Gulf of Carpentaria, about 50 kn off the coast of Arnhea 
Land in the Northern Territory. Annual capacity Is about 2 nilllon 
metric tons (m.t.) of various products, which average 49% manganese 
overall. Some 180 thousand tons are shipped from Groote Eylandt annually 
to a ferroalloy plant at Bell Bay, Taaaanla. The balance of production 
Is exported to Japan, Europe, and the United States. Imports from 
Australia comprised 13Z of total U.S. Inports In 1974-1977, but may be 
•Ughtly leas than that in 1979-1980. 

The ore occurs aa flat-lying bedded deposits of manganeae oxldea In 
the f ozm of nassive layers of bouldera and cobblea, plaolltes both loose 
and cemented in a matrix of laterized sandy clay or Hanganese oxides, end 
In alternating layers of pisolitic or textureless ore and sandy clay. 
The ore layer, which averages 3 m in thickness, lies where currently 
mined, under e cover of an average of 3 m of sandstone end clay. Mining 
is relatively easy and benef iclatlon Involving crushing, screening, 
acrubblng, and heavy media separation of lump ore Is sophisticated and 
efficient. Approxlaately 4 ■illlon aetric tons of crude ore are mined to 
yield the annual production of 2 million metric tons of salable product* 
An increase to 2.3 million tons of product by 1985 Is contemplated. 
Ttuck haulage from plant to shipping port is only 16 km. 

Meaaured reaervea a^e 150 million m.t. of product at A8Z manganese. 
At 2 million m.t. of product annually, a life of 75 years seems assured. 
Additional reserves Include en estlaeted 63 million m.t. of inferred 
product, and 32 million m.t. of product tentatively classified as 
hypothetical resource. Exploration on the mainland opposite Groote 
Eylandt hae not located additional reserves. With total estimated 
resources on Groote Eylandt of 245 million m.t. of product at A8% 
manganese, relatively easy mining and efficient benef Iclatlon, and short 
overland haul to the shipping port, Auetrelie should continue to be one 
of the world's leediag mengeneee ore producers and exporters. 



3.6.2 Bresil 

Brssil is the fifth rsnking producer of manganeae ore among the free 
market countries after the Republic of South Africa, Gabon, Australia, 
and India. Brazil produced about 9% of the world total of free-market 
producer countries In 1978 and was the second largest supplier to the 
United States after Gabon. 

The Serra do Navlo mine in the Territory of Anapa has been the 
lergest producer Mni exporter of manganese ore since 1957. Serrs do 
Navio is 196 km by rail north of the shipping port of Santana on the 
North Channel of the Aaaaon River. Production from 1957 through 1979 waa 
about 21 million m.t. of washed ore grading 48.5% manganese. Annual 
capacity is 0.8 million m.t. of waahed lump ore of the aane grade. In 
addition to washed lump ore, a reduction roast-pelletizlng plant 
utilizing nonmarketable fines was put Into operation in 1975. The plant, 
located at the shipping port of Santana has e cepecity of 0*2 million 
m.t. of pellets annually grading SSZ manganese. 
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Mining at Serra do Navlo Is open-pit. The ore is manganese oxide, 
which foned thick eafiplngs to 150 n wide along ridge crests* It 

extended as much as 130 m dovmward to the underlying protore and 
schistose rock* Most of the high-grade ore is hard and massive* Other 
ore types are schlatose, gonditic, and lateritlc (float) ore. 

Identified reserves at Serra do Navlo as of January 1, 1980, are 
16.124 million m.t. of crude ore that will yield 5.788 million m.t. of 
liSBp ore product grading 48* 3Z manganese* Estlasted reserves of 
intermediate and fine sizes from the washing plant will yield about 2.3 
million m.t. of pellets* Continuing exploration may locate additional 
reserves around the fringes of the generally well-delineated deposits, 
but no najor new discovery is anticipated. 

Elsewhere In Brazil the best known deposits are In the Corunbs 

District, Mato Grosso. At the Urucum mine, ore has been shipped 
sporadically In relatively small quantities by barge since 1912. 
Identified reserves total 44 million m.t. that, because mining is 
ttoderg round, will yield about 26 million m.t. running 46Z Mn, 13Z Fe, end 
nearly 4% K2O. Transportation problems and the high Iron and potash 
content are obvious drawbacks to full development of Urucum' s potential. 
Resources In the Corumba area nay total as much as 100 million m.t*, but 
• great awMint of exploration la needed to substantiate this* 

In the Carajas dlatrlet, Fera, the Asul sanganese prospect has 

promise of becoming an important producer when the railroad, presently 
under construction, to service the Iron ore operations is completed* 
Resources are estlaated at 65 nllllon a.t* of crude which would wash to 
44 million m.t. of product grading 46.5% manganese. While there are a 
great many other manganese depoalta and occurrences in Brazil, the 
Corumba and Carajas areas appear to offer the best opportunities for 
fulfilling the gap to be left by the ultimate depletion of Serra do Havlo 
in 12-15 years. 



3*6*3 Gabon 

This country hes s single group of deposits at Moanda, 575 km from 

the coast, with a present exit route through the People's Republic of 
Congo. The oxide deposits produce the highest metallurgical grade 
product in the world (presently 51. 7Z manganese)* On a contained 
manganese basis, they rank second to South Africa in output, providing 
about 25Z of the market economies' high-grade ore. The Moanda deposits 
also produce about 60Z of the Western supply of high-grade manganese 
dloxlda used for batteries and in chemical applications. Reserves would 
permit increased production of the various grades that are presently 
limited to about 2.7 million m.t. annually, the present capacity of the 
ropeway* Shipments could be increased to 4 million m.t. when the 
Transgabonese Railway is completed. Deposits are shallow and 
strippable. They have been investigated in close detail and are 
persistent and rather uniform. Estimation error is minimal and 
producer's reserve computations have been made on a recoverable yield 
basis that is more meaningful than on a crude ore basis* 
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Slnee the discovery In 1951, the vicinity and other areas furtlier 
afield have been prospected for «ore oxide ore, but there hes been no 
additional significant find. Resources of low-grade carbonate materiel 
are knovn to exist but have not been quantified because of lack of 
detailed exploretien for carbonete protore. 

3.6.4 India 

India accounts for about lOZ of market economies' production of 
netallurgical grade ore. In recent years India has become less important 
in world supply because of a production drop end its conservation 
measures that are reflected in the ban on exports of higher-grade ore 

manganese). A once-aechanlzed industry has reverted to intensive 
hand-labor operatione at several small mines, for msny of which little 
development of ore Is done before mining. Little ore is In the measured 
category. A review by the Indian Geological Survey, with a view to 
self-sufficiency for an expanding alloy industry, shows that a 
considerable effort will be required to develop sufficient acceptable 
grade material for state industrial plans. Since reserves as given by 
the survey are divided by reliability category and identified with 
piecision, and since the aggregate nuabera are leas than numbers carried 
as the inventory a decade ago, the quantities were accepted as reflecting 
the Indian Survey's critical assessment of the present position. 
Resources are poorly known but are expected to be scettered. Any 
significant future potential Is expected to be underground, with 
attendant increases in production costs and a decline in grade. 
Hli^st-trade Indian oxe is near outcrop and quality deteriorates both at 
depth and with increased ■etamorphlsm in various places* 

3.6.5 Mexico 

On a world scale, Mexico is a relatively small producer of manganese 
ore products* However, it has significant reserves and resources which 
could support a substantial increase in production if there Is a market 
for the product. In 1978, Mexico produced about 3Z of the world market 
countries* production, and provided the United States with about 8X of 
its ore Import a and 5X of its ferroma n ga n ese laports. 

Most production of manganeae ore in Mexico comes from the Molango 

deposits that were discovered In 1960 by Companla Mlnera Autlan and 
placed in production in 1968. Scattered production from very small mines 
elsewhere in Mexico continues, but it is minor in comparison to Molango. 
The Molango deposits are located In the state of Hidalgo and are known 
over an area roughly 50 km north-south by 25 km east-west* The center of 
the area lies approximately 160 Im north of Mexico City and 170 km west 
of Tsapieo, the shipping port for the ore and locally produced 
ferromanganese* 

The manganese deposits occur in, or are associated with, an extensive 

unit of manganlf erous limestone about 25 m thick. The manganese content 
ranges from 5Z to 30Z manganese, with the higher values near the base of 
the unit* The formation haa been traced along a strike length of SO km, 
but it is not continuous with respect to manganese content* 
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There are two types of aanganese dttposlts* The aost laportant 1» the ^ 

fine-grained, thinly laminated, calcium-manganese carbonate rock that 
conprlses the ore fed to the nodullzing kiln. The typical grade is 27. OZ 
Mn, 7.1% ft, 13. 3X SIO2, 2.5X AI2O3. 4.4Z Cirf), 4.4X MgO, 1.8Z S, 
and 28. OX CO2. The second type Is rich oxide ore derived fro« the 
carbonate ores by oxidation and supergene enrichment. Reserves of oxid* 
ora at* llaitad, but the product Is a valuable source of manganese 
•ui table for dcT-eall batteriaa. 

Carbonate ore is mined by both open pit and underground methods. 
After banaflelatloQ and aodullslng In a rotary kiln, the product* running 
39% manganese and 10% iron, is trucked to Tampico for conversion In the 
ferroalloy plant there, or is shipped as nodules. Annual production is 
about 350 thouaand m*t» of nodulea per year, and plana call for doubling 
thia rate of output in 1980 or 1981 with the cenpletion of a eecond kiln. 

Identified renervea of carbonate ore Include 30.0 million ■•t* at 26X 
■anganese (measured and indicated) and 200 Billion m.t. at 25X aanganeae 
(inferred). The company (Cia. Minera Autlan) also estimates an 
additional resource of 1.3 billion m.t. at 25Z manganese and of 14 
billion m.t* at lOK aanganeae* Reiervea of oxide on are placed at 1*5 
million ■•t* 



3.6.6 South Africa 

The important depoaita ate in the Kalahari Baain (Kuruman), 960 km by 

rail from export ports. The deposits produce about 33% high-grade, lOX 
medium-grade, and the balance (37X) lower-grade material for blending in 
alloy production. South Africa account a for about 35X of Weatem 
international supply on a contained manganese basis. Although a 
algnificant amount of ore is used for alloy production to satisfy local 
steel requirements and the export alloy market, the country is a very 
significant exporter of ores and concentrates. Having to ship long 
diatances results in lower yield to the exporters because delivered cost 
■uat be competitive with sources close to Europe. Because of relatively 
cheap energy and efficient neehanized mining and thick bade permit tivg 
high productivity, present production is competitive In export markets 
even though only one mine (Hamatwan) out of the six important ones is 
openpit. 

The Kuruman district has large reserves and resources and would be 
capable of inereaaed production, although it ahould be noted that the 
higher-grade ore ia only SOX of total reserves and about 3X of reaourcee 
and reserves. The manganese-bearing material ranges in manganeae content 
fron 48X to as low as 20Z manganeae at depths from 20 m to 1000 n. 
Beaerves are fairly well inveatigated by boreholee near existing ainea. 
There has been a considerable extrapolation between widely spaced 
obaervation points away from production centers and the material ia 
poorly identified in depth due to the high coet of drilling. In the 
tabulation, the segregation of material In the reserve and resource 
tablea took account of the moat recently published information available 
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from South African mining companies, as well as earlier, subsequently 
unmodified, data. Also, a large anount of resource data was provided to 
the Minerals Bureau of South Africa by the leading mining conpany. 

These data,* which are not qtialifled as to the profitability or 
feasibility of mining , were also revleiied and segregated by judgments as 
to reliability of projection, economics of mining, and utility of 
product. The Indisputably economic acceptable grade of ore totals 886 
■llllon m.t. in situ (38-48X manganese), which Is the largest reserve In 
the market economies. About 65Z of the reserves are the Mama t wan-type 
calcareous oxe, which has a somewhat restricted application in the 
eleetrlc'fumaee production of alloys. Reserves resulting from 
additional investigation la the district have not been reported. The 
large totals for resources were divided between submarglnal where cost 
vs. price, i.e., whether or not it is economical, is the ruling 
criterion, and hypothetical where a voasonable presumption of existence 
(without regard to economics) is the ruling criterion. It should be 
realized that material in the hypothetical category is reasonably 
expected to exist, but no more is known about it until observation points 
are more numerous. Lacking precise data, no material could be distinctly 
classified as paramarginal* 

In addition to the panel's figure for identified reserves of 886 
million m.t. of an indisputably, economically acceptable grade of ore in 
situ (38-A8Z manganese), another 10,197 million m.t. were classified in 
the resource category. Undoubtedly, as furthsr drilling and development 
work progresses in both the Maoatwan and Vessels manganese fields, 
knowledge regarding the extent, continuity, and grade of the orebodies 
will be refined, the extent to which occurrences now classified as 
resources by the panel will be reclassified as reserve In the future will 
depend mainly upon the future relationship between cost of production and 
market price. 



3.6.7 USSR 

Reserves and resources were estimated using the most recent USSR 
publications and statistics, and applying rather low recovery factors 
where so indicated. About 83% of the economic USSR reserves are in the 
Nikopol' basin. South Ukraine, which produces 72% of the usable 
products. About 9Z of the reserves are in the Caucasus, Georgian SSR 
Tchiatura region which produces 28Z of the products, mainly better grede 
than Nikopol'. Other USSR production is insignificant and other 
"reserves" are economically marginal. These two important areas have 
been mined essentially since 1890. Although aenganese investlgatlona 
have been intensive under the socialist govemnent In the last 50 years* 
and although new low-grade finds have been reported from Kazakhstan, 
Urals, and tisstern and Eastern Siberia at least 25 years ago, no new 
important manganese~producing centers have been developed. Tchiatura is 
in decline* and is eatimated to last another 18 years at 1980 planned 

•See Btrt II for discussion of South Africa figures. 
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production rat«8* Salvage operations in previously sined workings, 

optimization of underground mining, and recovery of low-grade fine 
manganese from siloes are symptomatic of manganese conservation. A USSR 
sya^osium stated in 1973 that the decrease in reserves of rich oxide ores 
is beconing acute in long'wrked deposits (Tchiatura and Nikopol*). 

The Nikopol' open-pit operations nine very iow-grade ore with 
extraordinarily large strip ratios and produce usable concentrates and 
sinter at high cost after considerable processing losses. High-strip 
opeU'-plt ore is more costly than underground ore, but stripping has 
nevertheless been Increased » suggesting nanganese conservation* Open 
pits presently identified will fill All-Union requireaents for 30 yaxa 
from 1980. 

The USSR is a declining factor In Western ore markets and centrally 
planned economy countries purchases of Western high-grade manganese ore 
have increased over the past decade from nil to half a nllllon a.t. 
annually in 1980> The long-term self-sufficiency policy for the USSR 
would appear to use resource material that Is difficult to beneficiate at 
Still higher cost. Even so, centrally planned economy countries' Western 
manganese ore imports my be expected to increase. Zelony (1980) reviews 
Fine's (1980) recent presentation on increasing ore import and discloses 
that the bloc, including the USSR, last year imported 400,000 m.t. Next 
year inports could reach 500,000 to 700,000 n.t. of high-grade nanganese 
ore. 

Were production from a Western mine disrupted, removing say a million 

tons of contained manganese from supply, it is doubtful that Nikopol* 
could fill the gap. Nikopol' would require a 50X addition to its 
productive capacity, already complicated by the necessity of extensive 
earth-moving equlpnent. The USSR ore recognized as having practical 
significance has been well investigated, so major extensions are 
unlikely. As shown In Tables 3-7 and 3-8, 94Z of USSR materlai is 
classified as a reserve in the two well-Investigated districts of 
Nikopol' and Tchiatura. The remaining 6% of the material, i.e., the 
balance of inventoried resources is very small in comparison, is 
scattered and is thus unlikely to provide a base for further significant 
expansion. 



3.6.8 Peoples Republic of China 

The scattered deposite In aggregate appear to contain sufficient 
recoverable contained manganese to assure Gilna's industrial needs, 
including planned steel expansion, into the 2020 's. Little of the 
metallurgical ore is high grade, much is believed to have contaminants 
such as high phosphorus, and production is scattered from geographically 
dispersed centers, many in areas without good modern transport. It la 
concluded that unless there are important new discoveries and 
rationalisation of the production, China cannot be a significant factor 
in International manganese supply. 
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There la geological potential for as yet undlaeovatiad MdM 

■edlnentary carbonate manganese ores of the large reserve/resource type* 
The aasessaent of this potential by Chlnasa geologists has not been 
eoBplttted. 



3<6«9 World Resources 

In Table 3-8 little resource Is shown for the USSR because what would 
b* considered suboarginal oaterlal 1a the frec-urket economies Is being 
worked In spite of grade. The largest Bubaerginel resoiiccea tehulated 
ere in the Republic of South Africa* 

Bulgecia mwi Mraleo eppeer vltli previously unreported large f igoree 

for hypothetical resources. It should be stressed that in the USGS/B(nf 
temlnology, the qualifying "hypothetical" associated with resources 
refers to the reliability of the projection rether then to the 
econoolcs. In the cases of both Mexico and Bulgaria, the projection is 
■ade over tens of klloowters between observation points. While it is 
reeeoneble that there Is legitlaate extrapolation, in view of the 
geological occurrence the reader should be aware that there Is also a 
chance that part of the material does not exist* Because both of these 
resources are largely underground and of exceedlogly low grade, they do 
not appear to be a likely source of manganese unite for a considerable 
period of time, if ever. The hypothetical, large resource which may 
eventually become economic under better conditions than In Bulgaria or 
Mexico le in South Africa. 
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m-SUUD MDOUS 



The charge to the peael ves to evaliiete the land-based reserves and 
resources of asnganese* Iberefore, a detailed exaainatlon of the seabed 

nodules Is outside the scope of this Inquiry. However, the panel felt 
that for completeness a short review of the status of this Inportant 
resource should te laelMdad In the report. Slailar laad-based nodula 
beds in Chaaberlein, South Delcota hsve been noted In this report (Section 
B.3, p. 267, Table B-1 and p. 269) but are not discussed in this report 
baeauae of tbalr nlatlipaly low fapovtanea to tho total aaogaiioao oupply 
picture. NMAB Report 323 (1976) ovaluotoo tba potential of that* and 
other U.S. deposlta* 

Manganese nodules on the deep sea floor first were discovered in the 
1870* a by the Britleb reaearch vaaeel H.M.S. Challens*'. latereat in 
nodnlea aa oottreaa of Mtala did not develop until tba 1950'a* Sineo the 
fldd-1960's seversl groups of eonpanies have spent hundreds of nilliona of 
dollars for seabed exploration, aainly in the North Pacific, and for 
reaearch into systens for recovering and proeeaaing the nodules. Cobalt, 
copper, and niefcnl eurnntly an tba aatala of aajor acononic inportanca 
in the nodules, slthough nsngsneee, the aajor natallic eonatitoant, and 
other netal eleaenta nay be recovered as well. 



4.1 CONSORTIA 

Five major consortia, four of which include U.S. fims, have engaged 
In this work: Ocean Mining Associates, Ocean Management, Inc., Ocean 
Minerals Company , the Kennecott joint venture, and the French group. An 
additional conaortlum, which includaa aonbara of some of the others, has 
concentrated on the development of a continuous line bucket (CLB) mining 
system. Sone conaortia are still engaged in research and exploration, 
ifhilo otbora have ouapoadod oparstiona* 
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4.2 OCEAN SESODRCBS 

Before the magnitude of the resources of the deep seabed can be 
discussed, ths nqulraaents of an ocMnmlnliig operation mist be 
reviewed. Because alnost all deep-sea nodules are found at the interface 
between the water and seafloor, the resource Is essentially 
tUD-dlnensional rather than thrse-dinensional as are landbased netal 
deposits. Three characteristics are of major Importance In detemlning 
the economic value of a nodule deposit: abundance, concentration, and 
grade. 



4.2.1 Mine Site Requlreiente 

Abundance Is simply the percentage of the sea floor covered with 
nodules, while concentration is the mass of nodules per unit area. If 
nodules all were of the sane sise and density, abundanee would be 
equivalent to concentration; because they are not, abundance can only be 
used to approximate concentration, given knowledge of size and density. 
Kaufnan haa stated that the average concentration needed to nine a nodule 
deposit is 10 kg/m^ (2.0 Ib/ft^), with a cutoff concentration of 
5 kg/n^ (1 Ib/ft^) (Kaufman, 1974). Later writers on the subject 
generally have agreed with this assessaent. These concentrations are wst 
weights; the dry weight is about 70lX of the wet weight. 

The winiiiuB end average grades required of nodules have been subject 

to discussion. Kaufman (1974) suggests a cutoff grade of l.OZ nickel, 
0.8Z copper and 0.2X cobalt, on a dry basis. Archer (1976), Holser 
(1976), Klldow, et al. (1976), and Frazer (1977) have suggested average 
and cutoff grades of about 2.25 and 1.8X for nickel plus copper. 



4.2.2 Nodule Mining Efficiencies 

Of course, not all of the nodules on the seabed, even In a 
potentially rich wine site, can be recovered. Three factors iaportant in 

detemlning nodule mining efficiencies are dredge efficiency, sweep 
efficiency, and terrain. The dredge head will not be able to pick up all 
the nodules in its path; soae are lltely to be swept under the dredge 
head or to the side, and some may simply fail to enter the pipe string. 
Kaufman (1974) feels that dredge efficiencies ultimately nay reach 60Z, 
but initially they will be lower. 

Certain problems undoubtedly will be encountered in controlling the 
dredge head at depths of three miles. Caps are likely to be left between 
adjacent passes of the dredge head, so not all nodules will be exposed to 
the dredge. Kaufman (1974) has stated that a sweep efficiency of 65% 

probably is the best that can be expected. The terrain of the sea floor 
Is also inportant in detemlning nodule recoveries* Boulders, rock 
walls, outcrops of bedrock, and so forth are all obstructions that will 
hinder aining operations in many areas. Kaufman (1974) has estiaated 
that 20 to 25Z of any aine site may be inaccessible due to such 
obstructions. 
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Ikklng ttwM factors together, at awat about 30X of the nodules In a 

seabed deposit will be recoverable. For first generation technology, 
overall mining efficiencies are likely to be closer to 20X, 

4.2.3 Potential Mine Sltea 

A mnber of researchers have developed estlnstes of the total area of 

the sea floor that will be suitable for ocean mining. Dividing this area 
by the area required for a single mine site yields an estimate of the 
total nmber of potential nine sites In the ocean. An area of above 
50,000 km^ will be required for a first generation operation that 
recovers 3 nllllon dry a.t. of nodules annually for 25 years. 

The most recent nine site estlnates have used more sophisticated 
methods, applied to more extensive data, than did early estimates. 
Praser (1977), Paeho and Mcintosh (1976), and McKelvey, Wright and 
Rowland (1978) all estimate that about 26 first-generation mine sites 
might exist In the prime area in the Northeast Equatorial Pacific, the 
Clarion-Clipperton zone. The rest of the world's oceans seem less 
conducive to the formation of plentiful, high-grade nodules. Fewer 
first-generation mine sites are likely to be outside the 
Clarion-CIlpperton area than in It. Hoifever, the uncertainties 
associated with these estimates are even grsater than those for the 
dariott-aipperton ana. 



4.2.4 Seabed Manganese Resources 

The mine site estioiates discussed above imply that, at an average 
manganese content of 25X, potential first-generation mine sites in the 
Clarion-CIlpperton area contain approximately 500 million m.t. of minable 
manganese. Approximately 2,500 million m.t. of manganese are estimated 
to be in the Clarion-Clipper ton area, but a mining efficiency of only 2(nC 
llmitg the recoverable resource to only 50Q million m.t. Total resources 
In all other areas of the oceans are likely to be smaller. 

In the future. Improvements in the technology for mining and 
proceaslng manganese nodules will lead to upward revisions in estimates 
of available manganese. Swap and dredge-head efficiencies will likely 

improve and innovations In processing will permit the use of lower grade 
nodules. No reliable estimates have been made of the manganese that will 
be minable when these technological improvements cone about. 



4.3 XECUNOLOGY 

The technology required for mining and processing manganese nodules 
has been under development for over 10 years, but further research still 
ie required. IWo mejor mining epproechee have been studied t dredges 

attached to pipe strings and continuous line buckets (CLB) system. 
Either relatively standard bulk vessels or slurry tankers will be used to 
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tranqtort the nodules to shore for processing; processing at aaa 
currently appears highly onlikely. Either pyroaetallttrgieal or 

hydrometallurglcal processes might be used to recoiwr Mtala, not 
necessarily including manganese, from Che nodules. 

4.3.1 Mining Systems 

Two related dredge systems have been studied. Both Include nodule 
collection devices that are guided by a alning vessel across the sea 
floor at the end of a three- to flve-nile-long pipe string* One usee 
conventional pumps, the other an airlift system. The hydraulic system 
relies on submerged, multlstaged pumps to force a slurry of nodules and 
sea water to the surface. In the airlift system air Is injected into the 
pipe string at different levels, decreasing preaeuxe in the upper part of 
the pipe string antj drawing the nodule-sea water slurry to the surface. 
The CLB system involves buckets attached to a six-to-ten mile length of 
rope that is dragged aeroea the aea floor. It has not yet been proved 
practical* 



4.3.2 Proceeaing 

Either hydrometallurglcal or pyrometallurglcal processes could be 
used to recovtr nickel, copper, eehalt, and possibly manganese, from the 
nodules. The reasons why manganese might not be recovered from the 
nodules are both varied and complex. A 2bX manganese ore is relatively 
low-grade and the procesaing required to extract the other aetals can 
complicate manganese recovery. Furthermore, a single mining operation of 
3 million dry m.t. of nodules could produce 600,000 m.t. of manganese 
annually if 8QK of the manganeae in the nodulea can be recovered. IWe 
such operations could more than satisfy all current U.S. metallurgical 
demands for manganese. This means that an ocean-mining consortium must 
be concerned about finding a market for all the manganese that it can 
produce. 

Three factors favor manganese recovery. First, if msnganese is 
recovered, the solid waste that might be disposed of is reduced by about 
one-fourth. Second, at the processing plant, the manganese will be 
contained in slags or residues of at least moderate grade. In easence, 
mining costs can be charged against the recovery of the other three 
metals, so the revenues from manganese recovery simply must covsr the 
Incremental capital and operating costs for recovery. Third, 
■enganese-rich solid waste wnild require more tveata«nt prior to disposal 
thsn would manganese-depleted material* 
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4.4 POLITICAL AND LEGAL ISSUES 

One of the aajor obstaelea faced by thoae wlahlng to mine the deep 

seabed is the unsettled legal status of ocean mining. Under historical 
interpretations of the law of the aea, the deep seabed can be mined by 
anyone wiahing to do ao. Hotfever, the Utolted Matlona Conferenee on the 
Law of the Sea (UNCLOS) has been meeting in several formal or infomal 
sessions annually since 1973 to discuss deep-seabed mining and other 
lesuea concerning the oeeana. The United Nations General Assembly has 
paaaed two reeolutlona on ocean mining, neither with the force of 
international law. The first, which the United States favored, declared 
that the mineral resources of the sea are "the coonon heritage of 
Mflkind.*' The aeeond, which the United Statee oppoaed» celled for a 
moratorium on ocean mining until a new law-of-the-sea treaty could be 
signed. Some of the legal and political obstacles faced by the 
ocean^nlng Induatry mat be reaolved before any conaortiua will Invest 
the il billion or more (1980 dollars) needed to develop a mine slte» to 
perfect a mining system, and to build a processing plant. 

4.3 FUTURE OCEAN MINING 

Ocean mining probably la itill at least 10 years away. Laat year 
(June 28, 1980) the United States on its own initiative paaaed 
legislation to facilitate ocean mining by companies incorporated In the 
United Statea. Ihla overconea at least the ioiMdlate political obataelea 
hampering ocean mining. It also may enable the companies Involved to 
ralae the capital required for an investment of over il billion (in 1980 
dollara). Tachnlcal and envlronnental problews, the latter under atudy 
by the National Oceanic and Atmospheric Administration, should take 
another few years to resolve. However, the environmental problems, at 
least at sea, eartently do not seen severe. 
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CHAPTER 5 



MI1IIN6 AND MBXALLUR6T* 



This portion of the study considers technological changes that 
might influence the anount of manganese classified as reserves. 
Osrtaln present practices are indeed affecting later recovery of 
naterial left In the ground. In most instances pillars left for 
support in room and pillar mining may be considered as lost resources 
since future recovery is difficult, if not impossible, unless 
provision to backfill the mined areas has been aade. On the other 
hand, fine material left from the sizing of manganese ores and 
stockpiled on the surface is available for processing into usable 
product Ae treatnent aethods are developed or laproved, the 
comparative cost of mining new material exceeds the expense of 
processing. Thus, the acceptability of the product from fines becomes 
■ore attractive. 

Classification of larger amounts of manganese ore as reserves 
eottld arise froa iaproved technological developaents In alning and 
processing. However, a review of currently developing technology does 

not indicate an early breakthrough In either mining or processing 
methods that would add significant quantities under present or 
near-future econoalcs* Application of proven and developed procedures 
will allow for cost-effective utilization of the better manganese 
resources. Continued research and investigation of improved recovery 
aethods will be encouraged by the depletion of the lergOt high-grade 
surface deposits. Manganese will remain as an essential ingredient in 
steelmaking, with no practical substitute in sight* 

Worldwide demand for manganese for steelmaking will fluctuate with 
the production of steel* Conservation of nanganeae in ateelnaking is 
possible, but because of econoalc reasons is likely to receive only 
■odest effort by steelmakers* Poreseeebl* changes in mining, 
processing, and steelmaking technology are likely to have only minor 
effects, if any, on the manganese deposits that are classified as 
reserves* 



*8ee Glossery for explanation of aany teras used in this chapter. 
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5.1 MINING 

Ore recovered fron developed manganese reserves probebly will be 

no greater than that amount which will yield the maxlniim economic 
return for the particular deposit being worked, exclusive of any 
eelf-eufficieiicy criterion thet might be epplled* Deposite niiied by 
open-pit will continue to return the highest recovery per ton of ore 
in the reserve. However, as the extraction of ore by open-pit becomes 
unecononleel beceuee of exceesive overburden, extending the open^plts 
into underground operations probably will cost less than developing 
new open-pit mines. The declining availability of large, new 
near-surface, high-grade deposits and the lack of nev open-pit mining 
technology will further encourage the application of underground 
mining methods to the deep extensions of open-pits containing reserves 
of the types most desired. The shift from open-pit mining to more 
underground operations will result In lower ore recoveries, 
considerably higher costs and lower production output. 

5.1.1 Open-Pit Mining 

A substantial portion of the present world production of 

high-grade manganese ore comes from mines developed by open-pit 
technology. Selected individual examples noted here are: Australia — 
Groote Eylandt; Brasil — Serve do Nevlo; Gabon— Mbanda; Ghana— Nsuta; 
and South Africa — Mamatwan* Production from these mines accounted for 
about three-fourths of the manganese produced In the non-centrally 
planned economy countries during the past several years. 

Effective open-pit mining operations are dependent on a variety of 
factors and circumstances, usually of natural origin and beyond the 
developer's control. Important among these ere the geometric 
dimensions of the ore occurrence, ore-to-waste boundaries, required 
slope of benches, attitude of the mineral deposit and adjacent ground, 
and size and volume of the ore eectlon. Modern plt-plennlng 
techniques have improved the operation In a wide range of mines, 
extracting various metals, around the world. Application of these 
ssme practices to open-pit manganese mines has been limited due to e 
variety of reasons; e.g., bedded nature of manganese deposits, 
attitude of these beds, thickness of the individual ore horizons, the 
limited tonnages. Continued successful production relies on the 
proven performance of the rotary drill, diesel end electric shovsl, 
and of f-higbfMy truck. 

Serious consideration is being given to energy conservation in the 

mining processes and ore and waste transportation. Conveyor haulage 
is being substituted for truck transportation where feasible. This 
chsnge is supported by the following advantages: less sensitivity to 
cost Inflation; lower maintenance requirements; lower energy and labor 
requirements; and independence from diesel fuel availability. 
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Regardless of the modifications aade to oqulpnent and ■anpower, 
aost open-pit mines will reach a point where the amount of waste 
removed per ton of ore prohibits continued economic operation. At 
this point, a move to undargroand mining may ba indicated , if 

mineralization continues at depth and the qitality of the material to 
be mined Is adequate to support the Increaaad cost> 

5.1.2 Underground Mining 

Underground mining in the non-^entrally planned economy eountrlea 

is expected to expand as the large, open-pit, high-grade deposits 
approach depletion. Considerable attention no doubt will be given to 
increased recovery from developed minea and the application of new» 
effective methods of underground extraction. Selected Individual 
mines now operating underground are noted here: South Africa — Farm 
Hesaels, Middelplaata, Black Rock; India— Balapur Hameaka; and 
Morocco— Imlnl. 

The underground mining method selected will depend a great deal on 
the characteristics of each individual ore occurrence. Evaluation of 
the problem of fines and ore dilution should be resolved early in the 
exploitation of each deposit. Application of block-caving techniques 
may be feasible where surface disturbance already ia pronounced* 
l>own-dip extensions of ore mined by open-pit methods could be 
extracted by underground development using room and pillar (with 
either ore support or artificial support alloviog removal of pillars), 
modified cut and fill, longwall varlationSt or a combination of these 
with load-haul -dump (LUD) adaptations. 

Room and Pillar — Application of LHD equipment to this method of 
extraction no doubt will continue because of its adaptability to 
conform to the Irregularities of the ore body. Recovery of the 
pillars should become more attractive and methods for pillar removal 
vlll be developed. Artificial support rather than natural support 
will be practical in some instances. Vertical cement-filled boreholes 
through the ore at predetermlmed intervals'may serve as one meana of 
support. Pit-prop assemblies may prove feasible In the narrower 
seams. Some application of both rock, and hydraulic fill systems may 
be practical. Reduction ia the loaa to pillars could increase 
recovery by 10 to 30%. Many times the need for large pillar areas is 
required not only by the lack of competency* of the roof but also by 
the weakneas of the ore left for support. 

The most recent large underground mine to come Into production In 
South Africa (Hlddelplaats) demonstrates the effects on mining of the 
complex nature of the ore deposits. Initially, rofmis and eroas~Cttts 
will be mined 6 m wide leaving pillars 6 m by 6 m as support. 
Preliminary plans call for a 75% overall mining recovery. Pillar 

*See Gloaaary. 
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extraction apparently is not economically viable during the 30 years 
of projected life of this mine. The quality of the deposit has a 
■trong influence over the practicality of using other than natural ore 
pillars for support. A 45-A8Z manganese content could possibly have 
juaclfled the added coat of secondary roof airport. 

Longwall Methods — Application of longwall techniques will continue 
to be extremely restricted because of the irregular nature of the 
tnanganese occurrences. Certain adaptations of this method of 
extraction suiy provide acceptable results when applied to narrow, 
high-grade, and generally uniform deposits. The use of continuous 
mlnerst which are effective in the extraction of coal aeamSf may prove 
feasible In these regular occurreneea. The use of these machines when 
applied to the more resistant manganese mineralization awaits 
development of a satisfactory cutter assembly. A production-scale 
Operation, testing the practicality of coeblning continuous vinere and 
pit-prop assemblies and/or packwalls with longwall procedures, on 
phosphate deposits could provide a starting point in the development 
of this practice. Because a good deal of analysis would be required 
on each deposit considered for exploitation by this procedure, early 
successful application should not be anticipated. 

Hodlficatlons of Cut-and-Fili — Application of variations of 
cut-and-fill methods may be feasible, in some instances, using 
load-haul-dump (LHD) equipment and mined fill* In the processing of 
the ore mined, there is no strictly waate (tailings) material to be 
used, as in inost currently operating mines using this technique. VHien 
available, classified desert sands could be used effectively. Cement 
would also certainly be required in the use of most natural sands, 
thus Increaaing costs and requiring additional preparation stepa* 



5.1.3 Technical Developaents 

Technical developments that might increase the reserves of a given 
reaource are limited. This appears to be influenced by the econonlca 
of applying presently available methods of extraction and the cost and 
implementation requirements for using new developments. Equipment 
allowing deeper mining by open-pit methods is available and 
improvements are prop,resslng steadily. However, the application of 
these advances to the rather limited tonnages associated with 
manganese mining seea liadted. Increaaed recoverability could be 
achieved by preaently available technology, but the cost would be 
higher. 

In sumsry , the application of these new and different mining 
practices could increase reserves of most deposits using underground 
methods, if increased mining coats are acceptable. 
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5.1.4 Relative CostB 

Figures 5-1 and 5-2 depict the trend to higher costs when 
converting from open-pit to underground mining. Figure 5-1 shows the 
Inenased unit cost of mining In an undeTground extension of a 
previously mined open pit as compared to the cost of open-pit mining 
at different waste-to-ore stripping ratios. The unit cost reference 
Is based on a waste-to-ore open-pit stripping ratio of 4 to 1. 

Open-pit operating and capital costs increase significantly as the 
waste-to-ore stripping ratios increase. With a 6 to 1 stripping ratio 
the unit cost is l.A times that at a 4 to 1 strlppli^ ratio; at an 8 
to 1 ratio the coat is about 1.8 times greater. At a 5.5 to 1 strip 
ratio open-pit and underground operating and capital costs are about 
the same but ore ceeowsry by underground mining is only 80 percent If 
the recovery for open-pit operations is considered to be 100 percent. 
Improving the ore recovery by installing temporary or permanent roof 
support systems Is costly. Thus, to achieve a 9S-percent ore recovery 
by underground mining incurs a unit cost almost 1.6 times the unit 
coat of open-pit mining. As sho»m in Figure 5-2, the mining operating 
cost differentials between open-pit and underground mining follow the 
seme patterns as those In Figure S-1, except that they are slightly 
snaller. 

The Increased mining cost with depth of underground operations is 

shown in Figure 5-3. Down to a depth of about 500 to 600 meters, the 
total operating and capital cost of mining gradually Increases and 
beyond these depths the costs become disproportionately greater. 

The data ahown in the three tables undeniably illustrate that 
substantially increased costs will be incurred in converting from 

open-pit to underground mining as open-pit operations become 
Impractical with depth. The data also stroqgly Indicate that 
converting from open-pit to underground mining will result la lower 
ore recoveries than are achieved by current open-pit operatiims. 
Considering the higher production costs and lower ore recoveries, the 
price of manganese ore can be expected to increase markedly as more 
underground mining is undertaken. Although more and more production 
can be expected to come from underground mining as surface mining 
declines, this will not necessarily increase the manganese reserve 
base. 



5.2 PROCESSING OP ORE 

The increased demand for manganese ores and the depletion of some 
high-grade deposits to support the high level of industrial activity 
over the years have led to the mining of lower-grade materials and the 
increased use of benefldatlon to provide acceptable products to the 

customer. 
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STRIPPING RATIO 



?I6URB 5-1. Mining Capital, Development and Operating Cost 
Comparisons for First-Interval Mining Beyond 
the Openr-plt Pliase 
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(B) - Natur*l vyith Supplemental Support 
iC) - Tamporary Artificial Support 
(O) - Ptnnanmt Support (Back Filling) 
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STRIPPING RATIO 



FIGUKE 5-2. Mining Operating Cost Comparisons for FlrsC- 
Intervai Mining Beyond Open-pit Phase 
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(A) - Natural Pillar Support 

(8) = Tampocarv ArtificW Support 

(C> - Pwnwwm Support (Back FUlingl 
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FIGURE S-3. Mining Cost Rslated to Depth of tho Mine, 

Including Total Operating and Capital Costa 
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Situations where benef Iciatlon Will continue tO prov* both 
necessary and rewarding include: 

1) Utilization of fines from the crushing, washing, and 
screenipg activities associated vlth most manganese ore production: 

2) Utilization of the lower-quality ■atctial that OCCUYS Within 
and adjacent to higher-grade deposits; and 

3) Utilization of suhgrade Individual depoaita not suitable for 
use without upgrading* 

The benef Iciatlon of the various aaterlala cited above and the 

selection of the process used will depend on the characteristics of 
each ore, the location of the deposit, and the relative economics of 
proeeaaing veraus developnent of additional ore of specif ieation 
grade, if available. Most certainly, the application of processing 
steps, most of which are energy intensive, will be restricted by 
eoapetltive eeononlc realltiea* 

5.2.1 Physical Benefleiation 

The simplest and least expensive means of improving the oxide 
product quality are the physical methods. These depend on the natural 
character! at lea of the mined ore to effect a aeparation of the 
higher-quality aaterlal f roa the gangue or lower-quality portion. 

Screening and washing, usually following e crushing step, are the 
simplest and most widely used processes. In earlier exploitation of 
the higher-grade deposits, use of this procedure resulted in the 
production of fines that were "reserved" for some future utilization 
when both the need and the available technology would provide an 
economic climate favorable to such activity. The higher-quality fines 
require only agglomeration to provide a satisfactory product. 
Pslletizing, brlquetting, and eoBpaction are oieehanleal proceeaea 
using binders with the application of energy to combine the fine 
materials into stable shapes of a size acceptable for end-use 
proceeaea. Vhcre the quality of the fines does not setisfy that 
required for industrial applications, a variety of processea dependent 
on the physical characteristics of the ore are available. 

Sink-float is a method by which the better quality material is 
separated from that of poorer character by use of a separating medium 
having a specific gravity that allows for the sinking of the heavier 
partielea and the floating of the lighter aaterlala. Recoveries of 
fines are usually not high, and the resultant product quality is only 
slightly higher than it was initially. Certain ores respond favorably 
to this proceaa ao that a product aeeting ehenical specif ieation 
results. However, when treating the fine fractiona, it is often 
necessary to follow this phase with an additional step to attain size 
specif ieatlona. 
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An alternate method of treating eubquallty products Is by n^goetlc 
separation, where the magnetic suaeeptlhlllty of the various mlnerels to 

high-intensity magnetic attraction will allow the separation of the 
better material Into an acceptable product* Here, again, the additional 
step to meet slse specif leatione Is tequlrad* 

Off-grade materials may also respond to treataent by one of the BOte 
complex and costly techniques described belotf. 

5.2.2 Flotation and Hydrometallurglcal Processing 

Lower-quality ores, fines, and complex fine-grained ores not readily 
amenable to the simpler, less costly methods described earlier could be 
processed by flotation, which requires the grinding of the material to be 
treated to effect liberation of the manganese minerals from the gangue 
(waste) constituents of the ore. Once freed from physical combination, 
the various minerals may be separated by producing a froth. This Is done 
through the use of organic reagents In a liquid pulp with controlled 
alkalinity, along with the Introduction of air and agitation. Certain 
minerals are coated with bubbles and float to the surface where they are 
skimmed off. Either the gengue or the manganese mineral could be the 
float product, depending on the mineral composition and the selection of 
reagents and operating conditions. This product, because of the water 
presont, must be thlekensd, filtered, end agglomerated by one of the 
methods above, or by application of a pyrometallurglcal process such as 
sintering or nodullslng* This Is particularly true of ores with 
manganese carbonate mineralisation. 

Hydrometallurglc processes Involve the chemical solution of the 
manganese from the minerals present. In the case of certain oxide 
minerals of manganese, e prelimlnaxy pyrometallurglcal step (sintering or 
roasting) is required to Improve the solubility of manganese in the next 
step. After purification of this solution, the manganese Is recovered by 
a variety of methods. Among these procedures are crystallisation end/or 
precipitation, followed in some cases by calcining and some form of 
agglomeration such as nodullzlng or sintering. Electrolytic methods are 
applied to certain of the purified manganese solutions to produce 
manganese metal or synthetic manganese dioxide. Most of the individual 
steps in the various hydrometallurgical processes are energy-intensive, 
have corrosion-related operating problems, and significant 
pollution-control requirements. These circiaistancea result in a serious 
economic handicap when coi^eting for markets presently being si^plied by 
natural, high-grade ores. 



5.2.3 Pyrometallurglcal Benef iclatlon 

Nodullslng, pelletlsing, and sintering are used in the preparation of 

natural ores or fines as feeds to ferromanganese and silicomanganese 
furnaces. All are pyrometallurglcal processes, where thb application of 
energy is in the form of beet either from combustion of hydrocarbons or 
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by electricity. Hanganese carbonate products, when subjected to 
sinteriitg or nodulizlng or pelletizing are upgraded by the elimination of 
carbon dioxide and the vesolting agglororated product provides a 
satisfactory feed to either blast or electric furnaces. Economical UM8 
of pyrometallurgical processes are restricted to the higher-grade 
products 'that require either aggloneratlon or a coablnation of upgrading 
and agglomeration to meet industry specifications. More complex 
multistage pyrometallurgical processes have been adapted to the 
processing of manganese ores. However, the cost of these processes* 
especially In view of the escalation In energy costs in recent tines, 
continues to be prohibitive in most cases* 



S*2<4 Continued Research 

Except in Russia where self-sufficiency is paranount, continued 

research into practical methods of benef Iclatlon is limited by the lack 
of immediate need. Adequate world supplies of good-quality ores are 
available from existing and developing mines* However, a realistic 
forward look reveals that available new sources of good-quality ore Will 
become nonexistent. Under such circumstances the integration of more 
sophisticated benefieiation plants with the mining complex will become 
the rule rather than the exception. Currently, several of the major 
manganese producers are either designing or building processing 
facilities to treat fines, lower-grade ores, or ores with a mineral 
conpositioB not costpatible with existing market requirements* 



5.3 CONVERSION OF ORB TO METALLIC ALLOYS 

The upgraded forms Into which manganese ore is converted for use in 
steelnsklng consist of several manganese ferroalloys and electrolytic 
manganese metal. For pitrposes of this study, attention can be confined 
to the three chief alloy products: standard high-carbon f erromanganese, 
slllcomanganese, and medium-carbon f erromanganese. Typical manganese, 
carbon, and silicon contents of these ferro-alloya are given in Table 
5-1. As shown in Table 5-2, standard high-carbon f erromanganese is 
universally the manganese ferro-alloy most frequently used in 
steelmaking. In the United States, usage of standard high^arbon 
f erromanganese Is four to five times as great as usage of either 
slllcomanganese or combined medium- plus low-carbon f erromanganese. 

Smelting of manganese ore to standard high-carbon f erromanganese can 
be carried out In either a blast furnace or an electric submerged-arc 
furnace. Slllcomanganese, medium-carbon f erromanganese, and low-carbon 
f erromanganese are produced by means of electric furnace processing. 
Some low-carbon f erromanganese is also produced by fused-salt 
electrolysis. Figure 3-4 Is a schematic diagram of various routes by 
which manganese products can be obtained, starting from manganese ore as 
raw material. Smelting practices and processing options in 
ferromanganese manufacture were summarized in a previous study (National 
Msterials Advisory Boavd^ 1976, p. 25) as follows: 
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TABLE 5-1. TTPICAL AKALYSES OF FEUOMAMGANBSE PRODUCT FAMILY (PERCENT) 





Haoganese 


Carbon 


Silicon 


Standard hlgli-earbon farnMWQ 


ganaaa 79 


6.8 


0.5 


SI licomang anese 


67 


1.8 


17.0 


Hedluflrcarbon farroungaiMa* 


82 


1.3 


0.5 



SOURCE: Bovdaa, praaantatlon to tba panel, 1979. 



TABLE 3-2. MANGANESE ADDI TION ALLOYS AS PERCENT OF TOTAL MANGANESE USED 
BT BACH CODNTRT 



Geographic Region 




1978 






1984 




Std Fe Hn MC & LC 


Si Mn 


Std Fe Mn 


MC & LC 


Si Mb 


United stataa 


70.5 


13.5 


16.0 


70.0 


14.0 


16.0 


Canada 


74.9 


12.1 


13.0 


71.5 


13.9 


14.6 


Hcatarn Buropa 


75.1 


11.8 


13.1 


72.0 


13.2 


14.8 


Japan 


52.5 


11.8 


35.7 


51.5 


13.0 


35.5 


Latin America 


80.1 


9.8 


10.1 


77.1 


11.1 


11.8 


Afrlca/Mldeaat 


80.1 


10.0 


9.9 


77.0 


11.1 


11.9 


Other Asia 


80.1 


10.0 


9.9 


77.0 


11.1 


11.9 


Weatarn World- 


69.7 


12.0 


18.3 


68.1 


12.9 


19.0 



Total 

SOORCE: Praaantatlon to the panel, Bordan, 1979. 
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Standard farroaanganaaa Is producad by cltlwr of ttio aneltlng procedurea 
depending on the smelting facilltlaa available, the gai^ue eonatltuenta 

of the ore, and whether s 1 llcomanganese i s to be produced as well as 
several grades of f er romanganese . If slllcoaanganese Is not to be 
produced, the ore Is saelted with large avounts of basic flux (lioie or 
magnesia or both) In an electric or blast furnace to yield f erromangaoeatt 
and a discardable slag containing 10 to 20 percent manganese; manganese 
recovery in the ferromanganese is about 80 percent. If sillcomanganese 
is to be produced, the ore la aaelted with little or no flux in an 
electric furnace to yield ferromanganese and a nearly neutral slag 
containing 30 to 40 percent manganese. The elag is resmelted in an 
electric fumace to produce alllcoinanganeae. Overall mai^aneae recovery 
in this two-etep proceaa la note than 90 percent. 

The blast furnaces used generally have been old plg-^ron furnaces 

adapted for ferromanganese production, and productivity ranges up to 
about 220,000 short tons of ferromanganese per year per fumace. The 
electric furnaces range from 2,000 kW to 30,000 kW In power capacity and 
productivity ranges up to 130,000 tons of ferromanganese or 90,000 tons 
of silicomanganese per year per furnace. Virtually all units installed 
recently to produce ferromangenese have been electric furnaces. Ihey are 
much more flexible (i.e., able to handle wider variations in ore 
composition and size and to produce various products besides 
ferromanganese) than comparable new blast furnace Installations; their 
capital coats are appreciably lower; and they do not require 
blast-furnace quality coke. They do, however, depend COm.pletely on 
electrical energy for their heat requirements. 

Domestic production of ferromanganese has declined from 1 million 
Short tons (s.t.) In 1963 to 273,000 s.t. in 1978. This decline is 
largely the result of greatly Increased imports, coupled with a dropoff 
In blast fmmaee production of standard ferromanganese. Since 1970, 

ferromanganese was produced In blast furnaces only In the captive 
operations of Bethlehem Steel Corporation and United States Steel 
corporation; however, theae operations ceased In mld-1977» 

5.4 STEEL TEGHNOLOGy 

About 90X of all forms of manganese consumed In the United States is 
used In the manufacture of iron and steel. For each short ton of raw 
steel produced in the United States, an average of about 15 pounds of 
manganese is consumed (about 7.5 kg per m.t.), exclusive of manganese 
ores fed to the blast furnace or in scrap steel added to steelmaklng 
furnaces. Japanese Steelmakers consume less mangenese per ton of steel, 
and USSR steelmakers consume substantially more. 
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5*4.1 Function of Manganese 

Manganese is used for deoxldatlon, desulf url zatlon, and control of 
norphology of sulfides and carbides in Iron and steel products. Its 
eff«ctB on atreogth, toughmss, lucdaess, and twrdennbility atn alao 
important • 

The universal uae of manganese in ataalaaklng reaulte from tha lov 

cost of manganese relative to the cost of Other materials or combinations 
of materials, and to modified steelmaking processes that might accomplish 
the same ends as manganese In current steelmaking practice. From a 
practical standpoint, there is no aubatitute for manganese in 
steelmaking. Steelmaking without the use of manganese, although 
possible, would adversely affect steelmaking costs. The impact would 
probably be ao aevere that manufacture and use of steel would be 
substantially curtailed. Alternative materials would be more expensive 
and their use in high-tonnage amounts for steelmaking would seriously 
disrupt the normal supply of the alternative materials* The. 
metallurgical chemistry of steelmaking and the properties of steel are so 
dependent upon the availability of manganese that major 
technical-economic upheavals would result irom a cutoff or substantial 
constraint in the supply of manganese. 

5«4>2 Forms and Procedures 

Manganese is used in several forms in steelmaking* These Include 
several gradea of f erromanganeae , manganeae and manganiferoua orea, 
slllcomenganese, electrolytic manganese metal, and occasionally, 
splegeleisen. The form, and to aome extent the amount of manganeae uaed, 
depends on the function to be performed and its cost. Inexpensive 
manganese-bearing iron ores are charged as blast furnace burden to make 
pig iron. The manganese is reduced along with the iron and becomes an 
alloy in the pig iron. 

Manganese used in steelmaking (as differentiated from Ironmaklng) ia 
added early in the steelmaking process, late in the process, or at both 
atages* The function of manganeae added early in the ateelmaking proceaa 
Is to control sulfur. Relatively little of the manganese added early in 
the steelmaking process remains in the steel. 

Ferromanganese (of various grades), sllicomanganese, and, in special 
cases, manganese metal are usually added late in the steelmaking process 
for final refining. Often these additions are made in the ladle 

following the steelmaking furnace, and are made for final fixing of 
sulfur, for deoxldatlon, and for bringing final manganese content up to 

specification. Where sllicomanganese can be used, manganese loss because 
of OKidation is suppressed by the presence of silicon, and the 
consumption of manganese is decreased moderately. 
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Procedures for the use of manganese in steelmaklng are dictated by 
the fact that nanganese It mn easily oiddlsed elenent. Because 
steelnaklng Is fundamentally an oxidising proeesa, precautions are taken 

to minimize the loss of manganese by unnecessary oxidation. Moat Of the 
manganese that Is lost from the steelmaklng system goes to the 
steeloaking alag; much of the slag is then discarded. 

In addition to the use of "virgin" maoganeae (made from ore) in 
steeloaking, aone manganese contained in basic steeloaking slaga that 

otherwise would go to waste Is returned to blast furnaces, where some of 
the manganese is recovered in the pig iron. The amount of slag that can 
be recycled to recover basicity and manganese values is limited by the 
amount of undesirable elements (such as phosphorus and chromium) in the 
slags. Moat manganese contained In ateel scrap Is oxidized and lost to 
slag when the scrap is recycled. 

In steelmaklng, economics is the dominant factor that determines what 
type, grade, and amount of manganese will be used. Economics includes 
costs of aaterials, transportation, materiala handling, efficiency of 
utilization, and trade-offs among these. High-carbon ferromanganeae Is 
the most commonly used ferro-alloy of manganese because Its cost of 
production is relatively low per pound of contained manganese. 
Low-carbon grades of f erromanganese are higher in cost than high-carbon 
grades because the low-carbon grades are made from high-carbon grades. 
However, the technology of steeloaking and the specifications of sooe 
steels (prinarily low-carbon steels) soaetioes dictate use of low-carbon 
f erromanganese. 

If f erromanganese of low nanganese content, all other factors being 

equal, would be less expensive than material containing a higher 
percentage of manganese, and added logistic and handling costs were to 
allow a net savings, the lower-nsngsnese oaterial would be used. Thus, 
the use of lower-manganese (and less expensive) ores for the manufacturs 
of ferromanganeae could be a way to extend the reserves of oanganese. 
However, the savings in raw materials costs would have to be auf f Ident 
to overshadow Increased oanufaeturing costs in the ferroalloy plant, 
higher transportation costs necessarily attending the use of lower-grade 
material, and probably increased costs during steelmaklng. As long as 
high-grade reserves ere available, the present technology and economics 
usually give little or no economic incentive for use of lowar-srade 
material. 



5.4.3 Technological Changes 

Although changes In steelmaklng technology may tend to lower the 
specific demand for manganese per ton of steel, currently Identifiable 
technological changes are expected to have virtually no effect on the 
amount of terrestrial manganese deposits classified aa reserves. Several 
trends involving changes in steeltnaking technology and practices could, 
in time, decrease the amount of manganese consumed per ton of steel 
produced. These are evolutionary changea, not breakthroughs. A short 
description of some of these is given below. 
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External deaulfurlzatlon of blast-furnace hot netal (pig iron) using 
ealeiua carbide or mgnetiuB is a growing practice. This nethod of 

lowering the sulfur content of Iron that is to be subsequently processed 
into steel means that less nanganese is needed for desulf urlzation and 
for fixing the remaining sulfur In innocuous form in the finished steel. 

Electric-furnace steelmaktng Is Increasing at a modest rate as a 
percentage of total steelmaking. Because the loss of manganese to slag 
by oxldatloii in the el«ctrlc-furfwee process Is 30 to 50Z below the loss 
in basic oxygen furnace (BOF) or open-hearth Steelmaking, a higher 
percentage of electric-furnace steelmaking will decrease demand for 
■aqganese* 

Argon-oxygen decarburization (AOD) has become well established during 
the last decade for the production of stainless steel. AOD allows better 
retention of easily oxidized materials such as manganese. To ths degree 
that AOD would be extended to the manufacture of a wider range of all^ 
and carbon steels, efficiency of utilization of manganese would be 
Incrmsssd and consumption of manganese could be decreased. 

Direct reduced iron (DRl) is growing rapidly worldwide as a 
substitute for or complement to steel scrap la sleetrle-fttmaee 
steelmaking, but short-term growth of this practice in the United States 
will be low or modesty mainly for economic reasons. Because of the low 
sulfur content of most DBI, its use in steelmaking furnaces can lower 
needs for manganese. If DKI is chaiged to blast furnaces, a practice 
that will continue for economic reasons to be rare In the United States, 
it does pick up sulfur from the coke, so that subsequent need for 
■aoganese Is unaffected. 

Continuous casting of raw steel (as differentiated from the casting 
of Ingots) increases the yield of eteel products and lowers the amount of 
home scrap that must be recycled to the steelmaking process. By 
minimizing remelting and attendant loss of some manganese, continuous 
casting increases the overall efficiency of utilisation of manganese In 
the steelmaking system. Currently, about 17Z of U.S. steel is 
continuously cast. The continuous casting trend for the next decade or 
two will continue to be upwards at a modest rate, contributing slightly 
to progressively lower need for new nwnganese in the overall system* 

Packaging of manganese alloys has been considered as a means of 
decreasing substantial losses during shipping and handling. Manganese 
alloys are frangible, so that abrasion and breakage of alloys during 
handling In the usual bulk form generate dusts and fines that are not 
utilised effectively during steelosking. Avoidance of such losses would 
decrease demand for manganese. With present economics, packagli^ is not 
practical but becoaes more viable as alloys bscoae relatively more 
expensive. 
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Specif Icatloiw for — nganese materlala for steelmaklog may be broader 

and higher in manganese content than necessary to meet property 
requirements for some grades of steel. It should be possible to conserve 
SMC ■anganese by tightening apaelflcationa and by controlling additions 
of manganese more closely by using heat-by-heat analyses for residual 
sulfur. In general, steelmakers are aware of such "trinaing" options* 
Observation suggests that demand for manganese In steelmaklng may be 
somewhat sensitive to price; an Increase in the price of manganese 
generally seems to be accompanied by a slight decrease in consunptlon* 

Full attainment of conservation potential In the long run might lower 

the specific (per ton) consumption of manganese in steelmaklng in the 
United States by up to 20 to 30%. In the short run, say several years, 
the conservation potential Is probably In the range of 10 to 1SZ> 
Despite this potential for conservation, manganese will continue to be aa 
essential ingredient in steelmaklng, even at several times its current 
relative cost. 



5*4«4 Other Slgnillcant Considerations 

A higher value-added posture is being taken by developing nations to 
an increasing degree. Dils Is resulting In an Increased supply of 
semimanufactures (such as ferroalloys) and finished steel from countries 
that previously had been suppliers of raw materials and purchasers of 
steel products. The effects of this change on manganese supply and 
consumption are difficult to assess* On one hand. In a developing 
country, the presence of abundant supplies of manganese and low costs for 
labor and transportation might lower the value of the materials, thus 
encouraging less effective utilization and increasing the drain on 
reserves. On the other hand, national intereats in the developing 
country might become more adept at matching processing conditions to the 
nature and extent of their reserves, and take actions that will have the 
effect of Increasing the reserves* In the short term, neither of these 
possibilities is expected to have a substantial effect on the amount of 
manganese deposits that presently are classified as reserves. 



Copyrighted malBrial 



CHAPTER 6 



INDUSTRIAL IMPLICATIONS 



The preceding chapters indicate clearly that the nonconmunist world 
currtntly depends heavily on a United number of manganese-producing 
countries, and this dependence Is likely to continue or to IncreMc over 
the next two decades. Since 1955 the market share of the five largest 
noncommunist producers has Increased from 71 to 87X« Australia and Gabon 
have replaced Ghana and Horoeco In the top five (Htble 6-1) • In this 
chapter, the industrial Inpllcatlons of these and other trends and 
possibilities in the nsngansse market will be discussed. 



6.1 POSSIBLE SHORTAGES 

In general^ as the number of Important producers of a eonodlty 

declines, the more susceptible that market becomes to supply problems. 
The larger the average market share of important producers, the greater 
the overall market Impact of a supply problem for eny one. An essessmsnt 
of the likelihood, duration, and extent of potential manganese supply 
problens is beyond the scope of this study* The effects of a manganese 
shortage, should one occur, vould be substsntlel. Conservation end 
substitution possibilities are quite limited, particularly in the short 
run, and domestic production is unlikely to become economically feasible 
except in the most dire emergencies. Some relief might be gained by 
encouraging expanded production from the smsller producing nations or by 
providing for the development of new capacity but this would entail a 
substantial time delay and probably provide only a limited manganese 
supply* This, homever, would be the most effective alternative to, at 
best, a tenuous situation. 



6.2 MOVBMSHT OF FBRROHAIIQANESB CAPACm 

Manganeae can enter the United States ss ferromanganese for direct 
consumption by the steel industry, or as ore for production of 
ferromanganese and other mamganese producta. Manganese Imported es ore 
Is some«hat more secure than manganeae Imported In ferroalloys because It 
lequlrea the operation of a viable domestic ferromanganese fumadng 
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capacity and capability* Butt tha Qaited Statea depcnda upon only a few 
nations for th« bulk of Itn ■noganoao, and theae aane natlono are 

Incmasing their f erromanganese production capacity with the result that 
the United States is Importing oanganeae alloys to the detriment and 
decline of the doaeetie ferroanngenese nanufeetorlng Induatry. Thtt*» 
should supplies of manganese ore, and iMrtleolerly ferromanganese from 
these producers be Interrupted, manganese ore would have to be imported 
from other worldwide sources. Because of inadequate ferromanganese 
producticm capacity. The United States would be hard pressed to utilise 
the raw materials. The growing dependence of the United States on 
imports is shown in Table 6-2 and Figure 6-1* This could be a cause for 
concern by the United 8tetes» but whether it should be will not be 
considered here. 



TABLE 6-2. U.S. CONSUMPTION, PRODUCTION AND IMPORTS OF 
FEXBONANGANESE (THOUSAND SHORT TONS, GROSS WEIGHT) 



Tear 


OonsuBption 


Production 


Inports 


1969 


1.071.0 


852.0 


307.9 


1970 


1,000.6 


835.5 


290.9 


1971 


899.0 


759.9 


242.8 


1972 


968.0 


800.7 


348.5 


1973 


1,116.6 


683.1 


390.6 


1974 


1,115.4 


544.4 


421.2 


1975 


881.5 


575.8 


397.2 


1976 


898.8 


482.7 


537.4 


1977 


886.3 


334.1 


534.4 


1978 


985.6 


272.5 


680.4 


SOdltdt^: 


U.S. Bureau of Mines, 


Mineral Industries Survey. 


September 



1979; Minerals Yearbook. 1973, 1977. 
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FIGURE 6-1. Trend In Ferronanganese Inports, Ferronanganese 

Production, and Manganeae Ore Inporta for 
United States 
(Source: Table 6-2) 
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There are many reasons for the Increase in ferromanganese Imports 
over the 1970*8. Some countries In which manganese is mined have made 
concerted efforts to increase the value-added In their exports; they have 
developed or expanded f errotnanganese production capacity. Ocean shipping 
costs also favor ferromanganese production In countries where the ore Is 
■ined. 'Rising labor, capital, energy, and pollution eoottol costs In the 
United States nay have encouraged increased imports of ferromanganese* 
Lower costs for one or more of these factors, such as electric power, 
night help to stem or reverse the trend toward greater reliance on 
imports of ferromanganese* 

6.3 flAMGAMESE SHIPPING 

Both manganese ore and ferromanganese are bulk commodities. About 
three-'fourths of the international tran^rt of them is done hy sea, in 
dry bulk carriers typically of 20,000 or more dead-weight tons* This has 

two major implications for the manganese market. First, substantial 
savings in shipping costs can be realized by upgrading manganese ore into 
ferromanganese in the country where it is mined. Using 78Z and 45% as 

typical manganese contents of ferromanganese and ore, it can be seen that 
transportation costs for manganese can be reduced by 40% or more by 
shipping the alloy form* Second, manganese shipping can be disrupted by 
wars. This has not been a major factor In the manganese market since 
World War II and might not be important in the future, but it should be 
noted* 



6.4 EAST-WEST TRADE 

Trade In manganese between communist and noncommunist countries was 
negligible from the mid-1930' s through the late 1970' s. Manganese 
requirements in the coomunlst world were met primarily hy the Soviet 

Union and a few other, less important communist countries. The Soviet 

Union sometimes exported small amounts of manganese to the West* 
Beginning in the late 1970* s, however, exports from Nestern countries to 

the communist world began to Increase. If this trend continues, and 
communist bloc countries come to depend more and more heavily on imports 
from the West, added pressure will be placed on reserves and resources in 
the noncommunist world* For the past 23 years, the communist and 
noncommunist manganese markets could be viewed in isolation from each 
other, but In the future they must be viewed together. 

6.3 MOVEMENT TO LOWER GRADE ORES 

For metal mining operations in general, the most accessible, 
highest-grade deposits tend to be those that are developed first. As 
technology advances or prices increase, more remote, lower-grade, end 
more complex deposits can be brought into production. This is why 
reserves are not static; changes in prices and technology alter the 
ameuAt of a metal that can he extracted economically from a deposit. 
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This is true of manganese as well as other metals. Some i^rge, 
high-grade deposits, notably Moanda in Gabon and Groote Eylandt in 
Australia, have been discovered and brought Into production over the peet 
25 years; otherwise trends generally have been toward lower grade ores* 
In the future, the high-grade deposits will be worked out and three 
possible developments will cone about. The first possibility Is that 
prices will rise to cover the production costs for deposits that are 
paramarginal or suboarginal resources today, elevating then to reserves. 
The second is that mining and concentrating technology could be improved 
so that lower grade resources could be exploited at existing market 
prices. This does not seem likely unless there is a maior breakthrough 
in technology. The third possibility is that ocean mining will become an 
Important factor in the world manganese market. As today's high-grade 
deposits are worked out, they will be supplemented or replaced by 
deep-sea nodules as sources of manganese but this will Involve the 
resolution of some serious polltlcsl and legal Issues. An Intermediate 
course of events may be most likely; increasing prices will both 
encourage manganese recovery from ocean mining and elevate some resources 
to reserves* 

As a result, resource estimates are as Important to the future as 
reserve estimates are to the present. If there Is continued exploration 

activity around the world, there may be discoveries of new deposits. 
Although possibly none will rank with Moanda or Groote Eylandt, to a 
great extent today's resources are tomorrow's reserves. The key issues 
are how long will current reserves last, and what price increase would be 
required to justify reclassifying paraaarglnal and soaw subaarginal 
resources as reserves. 
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7.1 CONCLUSIONS 

There will be a substantial increase in worldwide demand for 
aanganese over Che next two decades, rising from about 8.7 million m.t. 
(nangatiese content) In 1977 to 19.4 million a.t. by the year 2000. U*8* 
manganese requirements are expected to Increase from about l.A million 
m.t. to 1>9 Billion B»t« in the same period* Unless unforeseen major 
technical breakthroughs occur that will enable economic development of 
low-grade domestic resources or new high-grade deposits are found, the 
United States will continue to depend almost totally upon Imports for Its 
manganese needs. 

Mineable, economic manganese reserves worldwide, as identified by the 
panel following the classification system reported in Table 3-4, are 
4,126 million m.t. of manganese ore, or 893 million m.t« of recoverable 
manganese. By far the largest land reserves are In the Republic of South 
Africa, which indisputably has 886.6 million m.t. of ore having 248.2 
million m.t. of contained manganese. The USSR has an estimated 2,279 
million m.t. of ore containing 332 million m.t. of manganese, but the 
grade averages 20. 2Z manganese (weighted average of oxide/carbonate )-'-a 
lower grade than the ores considered economic in the free world. 
Manganese resources, exclusive of reserves, worldwide, are estimated at 
34,792 million m.t. of material ranging in manganese content from about 
42 to 54X and containing an estimated 2,411 million m.t* of manganaee. 
Some of these resources trill move to the reserve category as economic 
conditions and usage pattema change, but some will remain in the 
resource category. 

If geographical distribution is disregarded, "in situ" reserves of 
manganese are adequate to meet world needs beyond the year 2000, even at 
projected increased consumption levels. However, there is no assurance 
that the physical facilities for mining, processing and transporting the 
manganese ore and products will be available to achieve the high level of 
production required, or that the political climate will be favorable 
toward such development or to the desired distribution of the production 
worldwide * 
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TUe principal free world sources of manganese currently are the 
Republic of South Africa, Gabon, India, Australia and Brazil. The 
Republic of South Africa Is the najor supplier of free world aanganese, 
producing, In 1978, 4.2 million ii.t* of ore having 1.7 million o.t. of 
contained manganese. Gabon was second, producing in 1978 about 1.7 
nillloti n.t. of ore containing 0.9 million m.t. of contained manganese. 
Gabon Is expected to nearly double its output capacity when the 
Transgabonesc Railway is completed. The level of production by these 
major suppliers is expected to continue at current or increased levels 
for the remainder of this century, unless unforeseen supply disruptions 
occur from social or political upheavals. Australia and Brazil are also 
expected to continue production at current or slightly increased levels. 
In addition, Mexico, which has large hypothetical resources, could becose 
a significant supplier in the future* Indla*s role as a major supplier, 
however, appears to be on the wane* 

In the centrally planned economy countries, the USSR is a major 
manganese producer and probably will continue to be self-sufficient In 
meeting Its needs for the next 30 years by usiivg resources that are 
marginal or suhmarglnal by free-world standards. Bulgaria has large 
hypothetical resources of manganese but it is unlikely that these will be 
developed In this century. Although manganese ore exports by the USSR to 
other centrally planned economy countries currently are about 13% of 
production, the exports have been declining and centrally planned economy 
countries' purchases of free-world, high-grade manganese ore have 
Increased In the last decade* They can be expected to continue to 
increase during the rest of this century. This development might result 
in competition for available world supplies and cause shortages If 
accessibility and production does not keep pace with demand* 

The bulk of the manganese consumed in the United States (almost 90%) 
is used in the production of iron or steel, either in the form of ore or 
manganese ferroalloys. Although present foundry and steelmaklng practice 

in thn United States prefers the use of standard (78% Mn) "high-carbon" 
ferromanganese, lower-grade f erromanganese (70-732 Mn) can be used* 

Generally, in production of ferromanganese a minimum blend of 37X Mn 
is required for ores fed to the furnace. Because of variations in 
physical structure and chemical composition, blending of high-grade ores 
with lower-grade, less costly ores is practiced to achieve optimum 
furnace operation and economics. However, the availability of high-grade 
ores is declining and the outlook for the future is that more of the 
lower-grade materials will be used to produca ferromanganese. Although 
the technology Is available for making ferromanganese from lower-grade 
materials, use of the lower-grade ores will increase its production 
costs, whether produced domestically or abroad* Baeauae of the limited 
number of manganese ore suppliers, the United States and other consumers 
worldwide probably will have no alternative but to accept the situation. 
The Impact of this will be that some ores now classified as resources 
will move into the reserve category. Also, there is a decided trend by 
the countries processing major reserves of ore to produce ferromanganese 
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locally for sale in world markets. In all probability, the manganese 
importing nations will maintain residual production capacity but 
additional new ferronenganese production facilities will be located close 
to the sources of ore. 

The quantity of manganese used for purposes other than iron and 
steelmaking amounts to about 10% of total U.S* demand. Hie OKlde is used 

as a depolarizer In dry-cell batteries, and as an oxidant in production 
of a variety of chemicals. Ihe metal also is used to prepare alloys with 
aluminum, magnesium, or copper* As in the case of the iron and steel 
industry the metal or its compounds for these other minor uses are 
critical raw materials. 

The deep-seabed nodules of the North Pacific Ocean are a potential 
manganese resource. Occurrences of the nodules are extensive and Che 
contained manganese In nodules from one srea alone Is estimated to he 
about 2.5 billion n.t. Since the mid-1960' s there has been considerable 
activity by several consortia of companies to develop systems for mining 
and processing the nodules. U.S. legislation recently passed to 
facilitate ocean mining by companies incorporated in the United States 
should stimulate renewed interest In the Pacific Ocean nodules, but 
commercial ocean mining as an alternative to U.S. Import dependence 
appeara to be at least 10 years away. Ihese resources are not included 
with the land-based resources estimates developed by the panel. 

Manganese ore mining, benefldatlon and processing technology used 

throughout the world is relatively simple and straightforward. Open-pit 
mining is and will continue to be the preferred method of extraction 
because of its lower cost and higher recoveries. However, underground 
mining is expanding as the high-grade, open-pit ores are being depleted. 
This will result in substantially higher production costs and poorer 
recoveries than is the case with open-pit mining. With this trend it 
seems likely that more attention will be given to application of new or 
improved methods for Increasing ore extraction and extending the life of 
the reserve. Reducing mining costs also will receive close attention as 
the more dlfficult-to-^tract ores are encountered. 

As the high-grade deposits are depleted and lower-grade ores are 
mined, greater reliance is being placed on benefldatlon to recover 
marketable-grade manganese products. Although the benefldatlon methods 
used are usually simple, they are large volume operations and wasteful. 
In general they include crushing, screening, and heavy medium 
separation. The flnea and rejects produced have been stockpiled at a 
number of operations for years. These fines contain substantial 
quantities of manganese. It is likely that as ore grades decline some of 
the fines will be retreated to recover marketable-grade manganese 
products, or the fines themselves will be shipped thereby extending the 
reserves of selected ore bodies. 

Sintering and pelletlzing are other benefldatlon steps used to 
upgrade and simultaneously agglomerate manganese carbonate ores. Typical 
carbonate ores analyzing 20Z to 30Z Mn are crushed, selectively screened, 
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pelletlzed, and sintered to recover an MnO product of about 401 Mn 
grade. Manganese recoveries are about bCOL to 702 of the plant feed. As 
In the case of other benef Iclatlon processes, substantial amounts of 
iiaiigaiM8e axe lost in the rejects that are stockpiled for future 
xetreataent* 

Baaed on the Inf omatlon and data available to the Bureau of Nines, 

and considering the limitations on personnel and funds, the Bureau's 
world manganese reserve and resources estimates are as reasonable as can 
be expected. Short of conducting on*>the-spQt , detailed geological field 
investigations or having aeeess to confidential information, now 
unavailable from some world producers or governments, the Bureau will 
have to continue to assess and report reserve and resources estimates on 
the basia of infomatlon and data provided* 

An increase in f er romanganese production capacity abroad has been 
detrlaental to the critical and strategic aspect of the U.S. 
fer romanganese Industry. Most new electric furnace capacity has been 
Installed in the countries having large ore reserves or where Investment 
conditions have been noie favorable than in the United States. In nany 
cases, favorable government attitude and assistance have been largely 
responsible for these Investment decisions. This attitude is in contrast 
to the passive or free-trade philosophy of the United States. But there 
are also strong economic motives, such as energy and transportation 
costs, as well as the desire of some developing countries to capture a 
greater share of the value added through further processing. Because 
there is reasonable assurance of supply of imported manganese, U.S. Steel 
industry output is unaffected by the decline of the domestic 
ferromanganese industry, so efforts to encourage investment or prevent 
disinvestnent in ferrounganese facilities would do little to enhance our 
overall doaestic supply situation at the present tiae. 

With the decline in ore grade and increased denand for manganese, 

underground mining* beneficiation and processing of the lower-grade 

materials will assume increased importance. However, research in recent 
years to develop new or improved approaches to more efficiently and 
effectively carry out these operations has been largely nonproductive » 
and the outlook for najor breakthrougha is discouraging. 

Although there axe adequate in situ reserves and resources of 

land-based manganese ore to supply world steel demands through the year 
2000 and beyond, and technology to convert the ore for steel use exists, 
the vast majority of these ore reserves end resources are concentrated in 
fewer countries than the world's oil reserves. Economics favor 
source-country conversion of the ore to ferromanganese and there is a 
clear and accelerating trend to do so at the expense of the growth of the 
consumer nations' conversion capacities. Further concentration of 
conversion capacity in the few major ore-source countrlea Is clearly to 
the economic, political and social advantage of those countries. The 
concentration of both ore and ferromanganese prodiu:tion capacity in thess 
few countries and the accompanying reduction in U.S. furnace capacity 
will further restrict the U.S. steel industry's options to diversify the 
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manganese resource base* Without adequate U«S. f erromanganese processing 
capacity, a diversified or secure ore supply, even In the U.S. stockpile, 
bacoats a spceloiw obJ«etlv«» A ••eun Bouree of ferronwngaiiese with a 
saeura ora sourea could aubatituta for dooastlc capability* 

AaiurlQg U«S* access to future manganese supplies will require a 
long-term plan Involving complex International political and economic 
strategies that can neither be devised nor carried out by the U.S. steel 
and ferromanganese industries alone. Since similar situations are being 
encountered in procuring other critical nateriala, the devalopnant and 
Implementation of a national minerals policy Is needed that recognizes 
and resolves the U.S. mineral dependence problems on a systems basis, 
rather than f ron a almpllstic raw tutorial approach; the conpleiE nature 
of the manganese supply, processing and use chain must be consldarad, 
including such Issues as trorld supply and demand patterns, adequacy and 
stability of U.S. supply sources, transportation problans, displacement 
of dooaatlc ferromanganese furnaclng capacity, national atockplle 
reserves, and diversification and development of new sources of supply* 

An analysis of tha Horld'-vide oanganese rasourcas suggests that in 
the future the market economy nations will come to depend more heavily on 
a select few countries for their manganese needs than they do today. The 
principal auppliers are the Republic of South Africa, Gabon, Australia, 
and possibly Mexico. While the possibility of a cartel among these 
producers is remote, U.S. dependence on so few producers for such an 
essential natal increases tha likelihood that an Intarruptlon of supplies 
from aiqr ona of tbea would have serious consaqueneas for tha U*8* aconoay* 

7*2 OPTIOMS 

The policy options open to the United States to ameliorate the 
potential for and the consequences of interruption of supplies are 

limited. One option Is to support an expanded Federal Stockpiling" 
program that would provide manganese to U.S. Industry in time of critical 
need. Currently, the stockpile has an Inventory of nearly 2 million 
standard tons of metal equivalent. Whether or not this Is adequate to 
meet national needs in times of supply disruptions should be a matter of 
concern in drafting any National Materials Policy* 

Another option is diversification of supply. Ocean mining is an 
approach that might attain this objective. Recent U.S. legislation (P.L* 
96-283) establishes an Interim procedure for encouraging coaoarelal 
activity in this field. Another approach is a stepped-up program of 
exploration worldwide to Identify major new deposits — an effort that has 
produced results with other ninerals* The salf-aufflclancy prospects of 
tha United States in manganese are low (see Section B.3). However, this 
should not preclude additonal efforts by the U* S. Geological Survey and 
tha U. 8. Bureau of Mines to reassess what is known of U*S. rasoureaa* 
lha panel did not undertake an in-depth examination of this becauaa It Is 
beyond the aeopa of tha currant study* Another possibility— to pronota 
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production of manganese from domestic ore sources. Including slags — would 
not be a viable altatiwtive except In the aoet dire clrcunetenees because 
of its low coat-effeetlveness (NMAB, 1976). 

A third option is lowering of deaand. Reductions in nanganese usage 
in stee'l-vaking might be achieved by technological changes such as 
external desulfurization of hot Betal, but such benefits would only be 
Increnental. 

In any case, the National Stockpile has (or should have) aaterlal 
that can meet national needs for a limited period. 
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GLOSSARY* 



Antldinorium — A series of anticlines and syac lines, so grouped 

that taken togethar they have the general outline 
of an arch; oppoalta of syne llnorl urn* 



Calcarenite — Llnestone or doloalte composed of coral sand, shell 

sand, or caldc sand derived froa the erosion of 

limestones* 



Gataelasls — Rock deformation accomplished hy fracture and 

rotation of mineral grains or aggregates. 

Clarke Value — The average percent of an element In the crust of 

the earth. 



Competent — a* Strata or rock structure combining sufficient 

firmness and flexibility to transnl t pressure 
and, by flexure under thrust, to lift a 
superincumbent load. 

h. Rock, formations In which no artificial support 
is needed to maintain a cavefree borehole. 

C. Rock capable of withstanding an applied load 
under given conditions without falling or 
collapsing . 



Concretions — An accumulation of mineral matter that forms around 

a center or axis of deposition after a sedimentary 
deposit has been laid down. Cementation 
consolidates the deposit as a whole, but the 
concretion is a body within the host rock that 
represents a local concentration of cementing 
materiel* The enclosing rock is less firmly 
cemented than the concretion. Commonly spheroidal 
or disk'^haped, and composed of such cementing 
agents as caldte, dolomite, iron oxide, or silica. 



*Most of these terms are from Dictionary of Mining, Mineral and 
Related Terms, compiled and edited by P. W. Thrush and the staff of 
the Bureau of Nines, U.S. Department of the Interior, Bureau of Mines, 
1968, U.S. Government Printing Office, Washington, D.C. , others from 
various other sources. 
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Continuous 
Hlner 



Cut and Pill — 



Eplgenetic 



Eugeoayncllne 
Gondlte 

Hornfals 



Hydro thermal — 



Hydro thernal 
Deposit 

^ypogana 



Lacustrine 



Mining machine that cuts or rips ore froa the 
face and loads it onto conveyors or Into shuttle 
ears In a continuous operation. 

Inplles a definite and characteristic sequence of 

mining operations: (1) breaking a slice of ore 
from the back; (2) removing the broken ore; and (3) 
Introducing filling* 

A term that Is usually applied to mineral deposits 
of later origin than the enclosing rocks, or to the 
fomstlon of secondary alnerals by alteration; 
contrasted vlth syngenetlc. 

An orchogeoeyncllne, a long narrow syncllne, In 
which volcanic rocks are abundant. 

A spessartlte (gamet)-quarts rock, probably 
produced by the metanorphlsa of naiiganlferous 
sediments. 

A fine-grained, nonschlstose metamorphlc rock 
resulting from contact aetamorphism. Large 
crystala may be present and may represent either 
porphyroblasts or relic phenocrysts. 

Applied to magmatic emanations high in water 
content; the processes in which these solutions are 

concerned; and the rocks or ore deposits, 
alteration products and springs produced by them. 

A mineral deposit that originated from hot* 
ascending solutions* 



a. Group name for plutonlc and metamorphlc 
claaaes of rocks* 

b* Applied to mineral deposits or ore deposits 

formed by ascending hot solutions* Contrasted 
with supergene* 

a. Produced by or belonging to lakea. 

b. Deposits which have been accumulated In 
freshmter lakes or marshes. 



Laterite 



Red residual soil developed In hunld, tropical, and 
subtropical regions of good drainage. It Is 
leached of silica and contains concentrations 
particularly of iron oxides and hydroxides and 
aluminum hydromldes. It may be an ore of Iron, 
aluminum, manganese, or nickel. 
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Load- Haul" — 
Dump 

Longwall 



Metallogenetlc 
(mine rogene tic) 



Mylonitlsatlon — 



Unde round mining system employing types of 
equipment that load the material, haul It a 
specified distance and duap it into a chute or bin* 

A system of mining on straight faces 80 yards or 
■sre In length. 



— a* A localized area In which mineralization 

has been active at one or more periods. If 
the mineralization has been chiefly 
metalliferous, the ten netallogenetlc is 

applicable. 

b* Certain regions characterized by relatively 

abundant mineralization dominantly of one typci 



The sum of the processes by which mylonites 
areformed. (Mylonite — a hard, compact rock with 
a streaky or banded structure produced by extreae 
granulation. ) 



Nodule — A rounded mineral accretion built of successive 

layers of easily handled else* Most nodules seea 

to be secondary, such as chert nodules, but some 
investigators claim others have a primary origin, 
such as the nangaaese nodules on present deep-sea 
floor* 

Oolite — A spherical to ellipsoidal body, 0.25 to 2 nm in 

diameter, which nay or may not have a nucleus, and 
has a concentric or radial structure, or both. It 
is usually calcareous, but may be siliceous, 
heaatitic, or of other coaposition. 

erogenic — Pertaining to the processes by which great chains 

and ranges of aountains sre fomed. 

Pisolite — A spherical or subspherical, accretionary body over 

2 an in disaster. 



Protore -~ Any primary material too low in tenor to constitute 

ore, but froa uhleh ore asy be foraed through 
enrichment. A protore is one that cannot be 
produced St a profit under existing conditions, but 
that aay become profitable with technological 
advances or price increases. 

An orebody which has replaced the original country 
rock Iff aeaas of deposition froa circulating 
carrier fluids. A mass of ore formed by the 
dissolution of previous minerals and their 
replaceaent by others. 



Replacement 
Deposit 
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Residual 



Residual 
Deposits 



Room and 
nilar 

Sedlnentary 



Shelf Area 



Characteristic of, pertaining to, or consisting of 
residuum. Remaining essentially In place after all 
but the least soluble constituents have been 
removed; said of the material eventually resulting 
from the decomposition of rocks. 

By the removal of soluble material from the 
original substance the insoluble material remaining 
may form valuable residual deposits. Iron 
carbonates and silicates in the original rock form 
may be converted into practically insoluble oxides, 
which form Iron ores as rock, weathers; silica may 
be leached from kaolin, leaving the insoluble 
hydrous aluminum oxide, bauxite* Such deposits are 
generally formed in vara, moist climates* 

In eoel and metal mining, supporting the roof by 
pillars left at regular intervals. 

A descriptive term for rock formed of sediment, 

especially (1) clastic rocks, as conglomerate, 
sandstone, and shales, formed of fragments of other 
rock transported from their sources and deposited 
in water; or (2) rocks formed by precipitation from 
solution, as rock salt and gypsum, or from 
secretions of organisms, as most limestone. 

Ihe submerged border of a continent as of an island 
extending from the ahoreline to the depth at which 
the sea floor begins to descend steeply towsrd the 
bottom of the ocean basin. 



Splegeleisen — 

Strike 
Supergene 



Supergene 
Enrichment 



An additive used in steelmaking to recarburise and 

dioxldize the molten metal; usually has 15-'30X 
manganese and 4.3-6.53^ carbon. 

The course or bearing of the outcrop of an inclined 
bed or strucutre on a level surface. 

Applied to ores or ore minerals that have been 

formed by generally descending waters. Ores or 
minerals formed by do%n)ward enrichment* 

Solution of metal by surface waters from the 
upper part of an ore deposit and its redepositlon 
below, causing enriehaent of the underlying ore. 
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Syncllnorlwi ~ 



A compound syncline; * eloaely folded belt, 

the broad general structure of which Is 
syncllaal. Also called syncllnore* 



b. A major syncllne 
folds • 



coaposed of nany saaller 



SynftMittle 



Talus 



Voleanoganlc 
Exhalation 



A term now generally applied to mineral or ore 
deposits formed contemporaneously with the 
enclosing rocks» as contrasted with eplgenetic 
depoeite, which are of later origin than the 
eneloaing vocka* 

A heap of coarse rock waate at the foot of a cliff » 
or a aheet of frnate covsring a alope below a cliff* 

Any gaa or vapor f oned beneath the aurface of the 
earth and eaeaplng either through a conduit or 
fissure* 



Itolcano- 
aedloentary 



Vein Deposit 



Rocks formed by the accumulation of sediment In 
water (aqueous deposits) or from air (eollan 
depoaits) with the rock f ragnenta consisting of 
volcanic debrie, either detrital or pyroclaatic* 

A rock fissure filled by alneral matter. Usually 
the foraation ia ateep to vertical. Vein ia 
typically long, steep and relatively narrow. 
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SECTION A 
WJOt. SODBfZS 



Data for each operating nine or area known to possess manganese 

deposits of any consequence are contained In this part of the report. 
Pertinent information on how the specific classification was made by the 
panel is preaentad herein. This elasalfieation followa the guidelines 
described In Section 3.5 The sequence of presentation Is geographical 
(continent) and alphabetical (by country). The listing bears no relation 
to the Inpertance or the size of the deposits. Section A contains the 
■ajor reserves, resources and working mines. Section B describes the 
nlnor reserves, resources and potentially productive areas of overall, 
lesser worldwide importance. The symbols on the maps deaerlbe the type 
of ore deposit Involved in the approxlnate location: • Is a aejor 
■ine, ^ la a alnor mine, and * Is a potential sine* 
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FIGURE Mexiccui Operating Mines (Nolango District) 
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NORTH iNERICA 



A.1 MEXICO 

Most production of manganese In Mexico cones from the Molango 
deposits that were discovered In 1960 and put Into production In 1968 by 
Companla Mlnera Autlan. Prior to the discovery of the Molango deposits, 
the Autlan deposit In Jalisco, depleted In the 1960*8, was the leading 
producer. Scattered production fnm very soall nines in Mexico 
continues, but Is ninor in conparlson to the Molango deposits* 



A*1>1 Molango Manganese Deposits 

The manganese deposits of the Molango area are In the southeastern 
corner of the state of Hidalgo, Mexico, and occttr within an area roughly 
50 km north-south by 25 km east-west. The center of the area lies 
approximately 160 km north of Mexico City and 170 km southwest of 
Tkmplco« The nana of the deposits derives f roa the soall tom of Molango 
where the original exploration office was located. The present mine and 
plant are In the north-central part of the area at Tetzlntla and 
Ayotetla, respectively. The Molango area lies in the southern part of 
the Sierra Madre Oriental and is characterized by rugged topography, very 
Steep slopes, and sharp mountain peaks. Relief In the area Is about 
1,600 m with a maximum elevation of 1,700 a above sea level. 

The manganese deposits occur In, or are associated with, an extensive 
unit of manganlferous limestone in the Upper Jurassic Taman Formation. 
The oanganlferous llnestone Is froa 30 to 50 n thick, sveraglng about 35 
m, and has a manganese content that ranges from 5% to 305! manganese. With 
the higher values near the base of the unit. The base of the 
■anganiferous llnestone is between 50 n and 100 a below the top of the 
Taman Formation. The manganlferous unit has a strike length of over 50 
ka along the structure of the Sierra Madre Oriental. It gradually 
pinches out to the extreae northwest of the Molango area and is covered 
on the south by other sediments and volcanic flows. The manganlferous 
unit, although continuous as a llthologlc unit within the area. Is not 
continuous with respect to manganese content. Much of the unit is too 
low-grade to be econoalcally laportant in the foreseeable future* 

IWo types of aanganese deposits are recognized in the Molango area. 
The aost iaportent is syngenetic in origin and was foraed by cheaical 

precipitation as carbonates during the accumulation of Upper Jurassic 
sediments. Ihe second type is eplgenetlc The epigenetlc deposits are 
oxides, relatively saall and acettered but locally quite rich. 

Ihe syngenetic deposits consist of the manganese-bearing carbonate 
ainerala kutnahorite, rhodoehroalte, and manganoan caldte. Gengue 
ainerals are quarts, pyrlte, clay ainarals, and organic carbonaceous 
aaterlal. The bulk of the manganlferous unit is a fine-grained, thinly 
laminated calcium-manganese carbonate rock with gangue minerals 
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disseminated throughout the groundoass in thin layers, generally along 
bedding planes* Some secondary quarta-ealdte (and rhodochroslte) veins 
crosscut the bedding* 

The eplgenetic deposits are derived directly from the syogenetlc 
carbonate deposits by oxidation and atipergene enrlchaent in areas where 

conditions of structure, topography, and drainap.e were favorable. The 
eplgenetic deposits grade from slightly leached, manganlf erous limestone 
to massive accumulations of manganese oxides, hydrated In part. The 
predominant mlneraloglcal phase Is a poorly crystalline nsutlte, with 
small amounts of pyroluslte and ramsdelllte. The epigenetlc deposits 
have proven to be excellent sources of manganese of the active type 
suitable for dry-cell batteries* 

The Molango area Is part of a large regional anticiinorium that 
trends northwest-southeast, parallel to the axis of the Sierra Madre 
Oriental. The central part of the anticiinorium Is deeply eroded, 
exposing the Precambrian-basement complex, and successively younger rocks 
are exposed from the core outward. The core of the antlcllnorlua Is 
flanked by smaller, asymmetrical, secondary folds. Locally, there is 
intense flexural deformation with associated thrust faulting. The mine 
at Tetslntla is on the southwest flank of an asymmetrical anticline whose 
axial plane dips about 60° to the southwest and whose axis plunges about 
10" to the northwest. The fold at Tetzintla grades from open, slightly 
asymmetrical at the northwest end of the mine to tight and distinctly 
asynmietrical In the center of the mine to thruated and asynawtrlcal at 
the southeast end of the mine* 



A.1.1.1 Production and Chemistry 

Manganese-carbonate production Is from both open-pit and underground 
operations. The manganlf erous unit is being mined by open-pit to a depth 
of about 175 m and by a modified, retreating, sublevel caving method 
beneath the open pit. In 1980, about 52X of the carbonate ore for the 
nodullslng plant was mined underground. By 1985, as mining progresses to 
new areas, relatively more open-pit carbonate ore will be available so 
that underground mining will drop to 42%. These figures are exclusive of 
Che production of high-grade epigenetlc ore, all of which cones from 
shallow pits not exceeding 30 m in depth. 

Crude mine production for 1980 is estimated at 925,000 m.t., of which 
about 371,000 m.t. will be from open-pit and 554,000 m.t. will be from 
underground. Open-pit production and about 20% of underground production 
are fed directly to the benef Iclatlon plant. The remaining 70Z of 
underground production is passed through a heavy media process that 
recovers about 60Z of the material as concentrate for plant feed. A 
total of about 83% of crude ore ends up as plant feed. 
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The carbonate ore 1b fed to a nodullzlng plant that consists of a 
crushing and blending operation and a rotary kiln. The kiln dries, 
calcines, and aoditllsaa the carbonate ore to a final Mn02 product 
containing about 40Z aanganese and representing about 60Z of the welgliC 
of the plant feed. A typical analysis of the carbonate ore Is: 

Mn Fe Sl5^ aT^^ CiO S CO^^ 

27. OK 7.11 13. 3X 2.5X A.AK USX 2S.Ctt 



Batlmted plant feed for the next 10 years Is shown In TkUe A-ls 



TABLE A-1. ESTIMATED PLANT FEED, 1980-1989 (1000 a.t.) 





1980 


1981 


1982 


1983 


1984 


1985-1969 


Open Pit 


370 


420 


840 


1,150 


1,080 


995 


Underground 


400 


430 


360 


200 


420 


705 


Total 


770 


850 


1,200 


1,350 


1.500 


1,700 



Production of oxide ore Is about 40,000 n.t. per year, averaging 73Z 
MttO^. Crude ore Is treated In a washli^ plant that recovers crushed 
■aterial to one>fourth inch (6.35 mn) . Finer aaterial is stored for 

future retreatment. Recovery In the plant Is COrrsntly about 70Z. A 

typical analysis of crude oxide ore is: 

Jfa Pi STO^ AI2O3 Ca5 HgO C P^Ol S IL 

SOX 5.8% 2.9Z 2. OX 0.4X l.CBt O.IX O.IZ 0.005X 10. 2X 

Non-ore carbonate material grading 15X to 20Z aanganese, which is 
nalnly from stripping in the open-pit, is stockpiled. Resource carbonate 
■aterial grading lOX to 15X aanganese Is left in place* 

Within the blocked-out reserves, carbonate ore is quite persistent. 
The cut-off grade is 20Z manganese and is a function of distance froe the 
base of the unit; the grade deereasea gradually upward fron the base of 
the ■anganiferoua llowstone. 



A.1.1.2 Eesenres 



Cla. Hlnera Autlan (personel eoaaunieation) provided the following 

reserve figures for carbonate ore: Proven — 30 allllon ^.t. at 427% 

aanganese; Probable — 1>5 billion n.t. at -f25X ■anganase. 
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Based on reconnaissance, geological mapping, and sampling, of the 
manganlferous limestone unit throughout the Molango District, Autlan 
estinatCiS recoverable resources of 14 billion B.t. at about lOZ 
manganese. Reserves of proved oxide ore are presently estimated at 1.5 
million m.t* Figures in Table A-2, provided by Autlan, appear to fit 
the Bulletin 1450-A Classification System: 



TABLE A-2. MOLANGO DISTRICT MAHGAMBSB DBfOSIT (1000 a.t.) 





Measured 


Indicated 


Inferred 


Hypothetical 
Resource 


Manganese Carbonate 


10,000 


20,000 


200,000 


15,300,000 


Manganese Oxide 


500 


1,000 






Totals 


10,500 


21,000 


200,000 


15,300,000 



DlaiBond drilling is continuously in progress to extend the 
identified reservesi The object of drilling is to attempt to maintain 
a 20:1 ratio of reserves to annual production. The Intensity of 
development of the reserves is determined by the projected production 
schedule* 



A>1«2 Other Deposits in Mexico 

There are a few other producing mines in Mexico, but ail are 
small. All of the product, so far as known, is consined doaestlcally. 
Table A-3 shows total aetric tons of maiiganese as the elemnt produced 

in 1977: 



TABLE A-3 

Manganese (as the elenent) 
State District (Metric Tans) 



Chihuahua 


Buena Ventura 


2.382 




Allende 


43 




Zaragoza 


177 


Durango 


Lerdo 


1,277 




Maplral 


694 




Tepehuanes 


384 


Hidalgo 


Pachuca 


5,150 


Hlchoacan 


Coalconan 


179 


San Luis Potosi 


Charcas 


4,163 


Zacatecas 


Villa de Cos 


1,634 
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The ore In most of these Is piobsbly oxide of good quality, and 
alnlQg would be by hand or by very staple aechenlcal Bethods. 

In addition to these operating properties, tbara are a very large 
nimber of deposits and occurrences with small reserves scattered around 
the country that, when added to the reserves of the operating 
properties, aay total a few hundred thousand tons of oxide ore. This 
could be considered an Inferred reserve, but because of their small 
size, production froa any one of these deposits will not have any 
•Itnlf leant lapact on the aanganaaa aarkat eoapared to Holango* 
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FIGURE A-2. Operating Mines in Argentina, Brazil and Chile 
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k.2 BOLIVIA 

A*2.1 Ifcitim Hanganeee Deposit 

The Mutun deposits of iron and manganese ores in Bolivia are an 
extension of deposits mined on the Brazilian side of Serra do Mutun. 
In 1975» exploration waa In prograaa on these depoalta by the Bapresa 
Miners Mutun, S.A* (8IWRSA) a Bolivian coapany* Ho later Infonatlon 
Is available* 

Access to the SIDERSA camp was by road about 55 km froa Corunba, 
Mato Grosso, Brazil. The manganese bed, which had been opened by an 
adit by SIDERSA, was 18 km by road from the SIDERSA camp, and only 5 
\m north of the Jacadlgo manganese nine In Hato Grosso, Brasll* The 
adit, 43 m long, had been driven Into the manganese bed. Manganese 
oxides have been found In talus In the direction of Jacadlgo, but 
these occurrences had not been prospected. 

The manganese-oxide bed exposed In the adit ranges fron 1.2 to 
1.6 ti thick and assayed 52X aanganese and 8% Iron. The ore consists 
of hard, highly fractured cryptomelane that is unevenly layered. 
Layers of soft, brownish, limonltlc-appearlng mineral, 3 mm to 20 mm 
thick, occur within the manganese bed. These layers are subparallel 
to the attitude of the aaqganese bed which dips f roa 10* to 30* to the 
southwest* 

Thick siliceous iron foraatlon, with aagpetite^earing lenses aa 

auch as 20 cm thick, lies above the manganese bed and extends to 20 ■ 
below it. The Iron formation Is said to contain 3SK Iron; silica Is 
the only visible iapurlty. 

Mo aanganese or Iron ores have been shipped fron the Hutun area in 
Bolivia. The river town of Puerto Buachi, 104 ka sonth of the 
deposits on the Paraguay River, had been aelccted aa the shipping port 
for any eventual ore production. 

SIDERSA did not provide any estlaates of aanganese reserves. If 

the deposits are co-extensive with the iron formation, a subeconotnic 
resource on the order of 60 million n.t. could be estimated over an 
area of 15 square ka. Lacking aupportive or detailed work. Bolivia is 
not Hated in the Resource Tables 3-7 or 3-8. 

A.3 BRAZIL 

Brazil Is the fifth ranking producer of manganese ore among the 
free market countries after the Republic of South Africa, Gabon, 
Australia, and India. Kanganese deposits are diatributed throughout 
Brazil and at least some production has been recorded from most 
Brazilian states and territories. The deposits of Mlnas Gerals were 
the firat to be exploited for exportation. 
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The Serra do Navlo mine In the Territory of Amap>a has been the 
largest producer and exporter of manganese ore since 1957. Smaller, 
discontinuous exports have been Mde froii the large deposits of the 
Co rumba district of Mato Grosso. Large tonnages of manganese in the 
recently discovered Azul and Buritirama deposits in the Carajaa iron 
district of Para may eventually be available for export. 

Production for domestic use cows froB manganese carbonate protores 
at Morro da Hina in Hinas Gerais, OXlde oces from the Marau mine in 
Bahla, and fnm nunerous small but fairly high-grade deposits in Goias* 
A recently instiqlled f er romanganese furnace at Go rumba, HatO Grosso* uaes 

Urucum ore from the Corumba district. 

Brazil laporta manganese from South Africa and in the future may 
permit exports only to the extent that production ia greater than 
donestlc requirements and it is ecooomlcally advantageous to satisfy part 
of the domestic requirements with Imported manganese* 

A.3.1 Geology 

All of the manganese deposits of Brazil originated as Precaobrian 
manganlferous oxide sediments associated with Iron formation, or as 
Precambrian manganif erous carbonate-silicate sediments. Many of the 
smaller deposits in Minas Gerais and the large deposits in the Corumba 
district are associated with Iron formation* Nanganeee*%arbonate 
protores were the source for the large oxide ore bodies of Serra do Navlo 
and Morro da Mlna. 

Most of the high-grade manganese-oxide ore bodies were developed ftoa 
lower-grade manganif erous sediments by a process of selective replacement 
by manganese, accompanied by leaching of impurities from the protores 
under tropical weathering conditions* These deposits can be classed as 
residual lateritic concentrations. In general, the Iron, alumina, 
silica, and alkali contents are lowest in those ore bodies that have been 
most Intensely weathered. In the Corumba district In western Mato 
Grosso, the relatively high-grade ore at Urucum appears to be related to 
the high manganese oxide content of the original sediment, with only 
minor remrking and concentration through %ieathering processes. 

A. 3. 2 Serra do Navio Mine, Federal Territory of Amapa 

The Serra do Navio mine lies 196 km by rail north of the shipping 
port of Santana on the North Channel of the Amazon River. Although 
located in the midst of the Amason rain forest, these large, hlghf-grade 

deposits prompted planning for a major investment in transportation, 
plant, and port facilities soon after their discovery. 
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Indttstria e Comerclo de Mlnerios, S.A. (IGOHI), a Braslllan co^any 

formed by Companhla Auxlllar de Empresas de Mlneracao S.A. (CAIMI) (SIX) 
and Bethlehem Steel Corporation (49%) explored and developed the 
dapoalts, beginning In 1949. Production began In 1957 and has contlnuad 
to the pieaent* 

A. 3. 2.1 Production 

Production through 1979 was 20.75 million m.t. of washed oxe grading 
48.5% Mn, 5.8% Fe, 2.5% SiOo and 5.2% AI2O3. A reduction 
roaat-pelletlalng plant utilising nomuirlcetable flnea waa put into 
operation in 1975. The plant, with an annual capacity of 200,000 m.t. o£ 
pellets, produced 700,000 tons through 1979. The pellets grade 55. IX Hn, 
6.3X Fe, 5.2X SiOj. 6.5X AI2O3, 0.09X P, and 1.05K K2O plua 
Na20. Current annual capacity (1980) is 800,000 B.t. of plua 5/16 In. 
washed ore and 200,000 m.t. of pellets. 

A. 3.2.2 Mining 

Serra do Navlo is an open-pit mine. Four shovels remove the ore In 
five-meter-high benches and load into dump trucks. Depending upon the 
hardness of the ore, the benches are dynamited or scarified. As mining 
has progressed to lower levels below the ridge crests, the ore has becooe 
softer so that some of it can be loaded by the shovels directly from the 
face. Waste rock, consisting of clay formed from weathered schist, is 
stripped with tractora and pans. Depending on grade of crude, two to 
three flillllon m.t. of ore and six oillion m.t. of waste are loaded 
annually* 

A.3.2.3 Beneficiation 

A waahlng plant, heavy nedia plant, and Hunphrey spirala, are located 

at the mine. The pellet plant circuit at Santana Includes a magnetic 
separator. At the mine, crude ore is crushed, washed, and screened. The 
coarse products, plus 5/16 in. lump ore, ninus 5/16 in. and plua 1/A in. 
"bitomiudo," are conveyed to bins at the railhead. The "bltomiudo" may 
be ground to finer size for pellet feed. IVo fine ore products, locally 
called "nludo" and "fines," are of lower grade, running leas than 43Z 
manganese. Initially they were stockpiled because there was no ready 
market. The mludo product is now concentrated in a Dynawhirl, 
heavy-media, ferrosllicon circuit and the fines pass through a Humphrey 
spiral circuit. Both circuits reduce the alualna and silica content of 
tho ore and bring the grade up to about A 5% manganeae and 7X iron* The 
combined plant capacity is 29U,UUU m.t. annually. 

At the pelletlzing plant the concentrate is reduction roasted, wet 
ground in a ball mill, and routed over four single-drum, permanent magnet 
aeparatora. Ihe magnetic fraction la wasted and the nonmagnetic fraction 
is filtered, dried, formed into 6 am to 19 ana balla, and heat-hardened on 
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a straight grade machine at a maximum temperature of 1,260*C. The 
combination of reduction roasting, magnetic iron removal, and addition of 
"bltomludo" flMB ralMS th* pallat grad« to 55. IZ mangan«a«. 

A.3.2.A Raservee 

The principal ore minerals are cryptomelane and pyroluslte. Minor 
manganese minerals Include hausmannlte, llthlophorlte, and manganlte> 
Ihe oxide ore formed thick capplnga up to 150 m wide along rldga create, 
replacing the protore layer downward as much as 130 m to the lowest level 
of the weathered zone. At the lowest level of weathering* the oxide ore 
exhibit a a aharp contact with the carbonate-alllcate protora* 

Four ore types are raeognlaed at Serra do Navlo: 

(1) Hkrd ore la the hard, massive, hlghast-grade ore that occura 
naaraat the aurface and haa contributed moat of the lump ore. 

(2) Schistose ore la high-grade manganaae oxide that raplacee the 

weathered schist along foliation and fracture planes. The day content 
is high, but it is readily removed in the washing plant* 

(3) Gondltic ore contains relicts of the silicate mlnarala In the 
protore and is of lower grade than the hard ore. 

(4) Laterltlc ore is float ore. It consists of boulders of hard ore 
and concentrically layered "granzon" or pellets of manganese oxldea, 
found In the laterltlc red claya on the alopea of the ridges below the 
hard ore cropplnga* 

Reserves at Serra do Navio may be classified as "Identified" with 
moat ore (80K) In the "Meaaurad" category. Identified reaervea aa of 
January 1, 1980, are 16,124,000 m.t. of crude ore that will yield 
5,788,000 m.t. of plus 3/16 in. marketable washed lump ore grading 48.32 
manganese. The mludo and flnea waahing plant product (mlnua 1/4 In.) la 
aatlmated at 3,198,000 m.t. and the intermediate washing plant product 
(bltomludo 1/4 in. to 5/16 in.) at 723,000 m.t. Together, theae will 
yield 2,317,000 m.t. of marketable pellets. 

At a production rate of 800,000 m.t. of lump ore per year, the mine 

has a life of seven years. Pellet plant production at the rate of 

200,000 m.t* per year would permit an additional three to four yeara of 
operation from atockpllea* 

A eubeconomlc resource of 5 million m.t. of manganaae 

carbonate-silicate has been estimated. Thorough testing of a bulk sample 
failed to produce a commercially acceptable product; hence this tonnage 
haa not bean Hated in Keaource Tables 3-7 and 3-8. A further 
complication la that the ore will have to be mined underground. 
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Extensive prospeetlng In the nine area and throughout the genexal 

region has failed to locate any nev deposits. However, some additional 
tonnage has been located each year as drilling continues around the 
fringes and at depth In the known deposits* Mine life could be extended 
a year or more beyond the estimated seven years if this prograa suceeeds 
In the next few years as it has In the past* 

A.3.3 Corumba District, Hato Groaso 

South of the city of Corumba, Mato Groaao, there Is a mountainous 
complex composed of arkosic sediments topped by a thick iron formation. 
One or more beds of primary manganese-oxide sediments occur at or near 
the hase of the Iron formation* Three ■ines, the Urucun, the Santana, 
and the Jacadlgo, were in production in 1979* 

The deposits of the Corumba district have not been thoroughly 

explored. Where mined, the lowest bed of manganese ore ranges from two 
to four meters thick. The beds are gently dipping, and their location 
beneath the steep escarpment formed by the overlying iron formation 
requires underground mining. Although outcrops of the manganese beds are 
largely obscured by talus, it is possible that the manganese beds are aa 
extensive laterally as the Iron formation. If so, the reserves could 
total more than 100 million tons. However, the ore la of marginally 
commercial grade because of its low manganese to Iron ratio and high 
potash content. The long river haulage and low-tonnage rail capacity to 
shipping ports restrict production capability. There has been little 
incentive to invest in an extensive drilling program to establish the 
reserves with any degree of confidence. 



A.3.3.1 Urucum Mine 

The Urucum mine in the Morro do Urucum is 30 km by road from the 
river port of Ladarlo near Corumba. The earliest production of manganese 
was in 1912. A Brazilian company, Sobramil, shipped about 43,000 m.t. 
from 1941 to 1943 (Dorr, 1945). Sobramil eventually entered into an 
agreement with Companhia Meridional de Mlneracao to mine and export the 
ore and from 1937 to December 1972 some 900,000 m.t. were barged down the 
Baraguay River to the ocean shipping port of Nuevo Palmlre In Uruguay* 
(Personal communication with Sr. Francisco Fara, General Manager at 
Corumba for Meridional, January 1973.) In 1975 the state of Mato Groaso 
Joined with Companhia Vale do Rio Doce (CVRD) to form a new company, 
Urucum Mlneracao, to explore and mine the concessions. Production 
resumed in 1977 and reached an estimated 130,000 m.t* in 1978. 

There are two beds of manganese at Morro do Urucum. Mining has been 

In the lowest bed which ranges between three and four meters In 
thickness. The upper bed, separated from the lower bed by about 33 m of 
iron formation, averages 1.2 m in thickness. Typical ore averages 46Z 
Nn, 13Z Fe. less than 3Z SIO2, 1.7Z Al203» and nearly 4Z K2O. 
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The ore Is mined by a room and pillar syBtem. The broken ore la 
slushed dovm to slaple loading chutes for rail haulage to the mine 
wrath. There it la eniahad to six Inchaa over a grlssly and hauled by 
truck to Ladarlo for river shipment. Except for crushing and screening 
out the ninus 1/4 in. (6.33 nm) material, the ore is not benef iciated. 
At Urueiria, in contrast to other depesite In the Oonwba dletriet, the ore 
la Baaaiva and contains no neatherad erkeae, quarts, and clay lapurltiea. 

In 1979, Urucun Hineracao cited reserves for the lower manganese bed 

in the North Block at 16 Billion tons and the South Block at 28 million 
m.t. (Preston, 1979). This reserve Is based on a bed thickness of 2.7 to 
2.8 m in the South Block, where mining has been active. Preston (1979) 
presents the Urucui reserves aa ahoim In Table Ar4: 



TABU A-4. ORUCUN mHB USEnTBS AMD IBSODICBS 



Reservea Other 

In aitu, nilUon n.t. Meaaured Indicated Inferred Tbtal teaoureea 



tiOwer bad 


- South Block 


2.0 


13.0 


13.0 


28.0 


0 


Lower bed 


- north Block 


0.5 


1.5 


14.0 


16.0 


0 


Upper bed 




0 


0 


0 


0 


60.4 


Total 




2.5 


14.5 


27.0 


44.0 


60.4 



The estimated reaource of 60.4 million n.t. for the upper bed la too 
high considering that it Is thinner than the lower bed. A resource 
figure of 15 million n.t., as shown in Resource Table 3-8, trould appear 
flwre reaaonable. Dorr (1945) estimated the upper bed at 9.5 •llllon n.t. 
of meaaured. Indicated, and Inferred ore, or 13.2 million n.t. for the 
total area. 



A. 3. 3. 2 Other Deposits in the Corumba District 

Manganese ore Is also found in Serra do Rablcho, Serra do Mutun, 
Tronba dos Macacos, Serra do Santa Cruz, and Serra Sao Domingo. TWo 
small mines, the Santana and the Jacadigo, are producing email tonnages 
from the Serra do Rablcho and the Serra do Mutun respectively. Except 
for the Santana mine, none of these localities has been explored in any 
detail. Any estimate of manganese resources is based upon a rough 
measurement of the potential ■aaganiferoua area and an assumed thickness 
of any bed that may be present. This resource Is on the order of 130 
million m.t., but more detailed exploration is required to establish a 
damonetrated reserve. 
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Santana Mine. Serra do Rablcho . The Santana alne has produced 
hematite float ore grading 66% iron, as well as manganese, for several 
years. The manganese bed, probably the lower bed as at Morro do Urucum, 
had been mined In four shallow inclined pits. In 1975, t«fO new adits 
were opened by Mineracao Mato Grosso and In 1978, they reportedly 
provided 30,000 m.t. of ore to the new f erromanganeae plant at Corumba 
operated by Coapanhla Paullsta de Ferroligas* 

The manganese bed can be traced over a distance of 630 m along the 
outcrop. Dipping 15* to the east, it ranges in thickness from 2.5 to 4.0 

m, with most of the manganese oxides concentrated in the lower part of 
the bed. Cryptomelane occurs as thin, irregular layers and roughly 
stratified layers of nodules in a matrix of coarse sand and clay derived 
from weathered arkose. The overlying and underlying strata are arkosie 
sediments. The top arkose layer la about 3 m thick and grades upward 
into siliceous iron formation. 

Reserves St the Santana property were estimated in 1975 as shown in 

Table A-3. 



TABLE A-5. SANTANA MINE RESERVES ESTIMATES (THOUSANDS OF m.t.) 





Crude 
Indicated 


Ore 
Inferred 


Washed 
Indicated 


Ore 

Inferred 


Washed 
%Hn 


Upper part of bed 


691 


1,001 


221 


320 


41.4 


Lower part of bed 


824 


1.192 


379 


584 


48.2 


Total 


1,515 


2,193 


600 


904 


45.6 



SOPHCB: lOOMI internal report 



The indicated and inferred ore reserves are limited on the west by 
the outcrop, on the north and south by the concession limits of Ninsracao 
Mato Grosso, and on the east by an arbitrary down'-dlp limit* 

J^cadigo Mine, Serra do Mutum . At the Jseadlgo mine a company known 

as Sobraimovels is reported to be producing some 40,000 m.t. of ore per 
year. The ore is mined by rudimentary methods on the outcrop. It la 
then hand sorted and dumped into a chute leading down to a place 
accessible by road for loading onto trucks and haulage to Ladarlo. This 
ore is similar to that at the Santana mine, with nodules and Irregular 
layers of cryptomelane mixed with quarts and clay. No analyses of the 
ore or reserve estimates are available, and the deposit is not listed in 
Resource 1!ables 3-7 or 3-8. 
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A.3.4 Caracas Region. State of B>r« 

ThTee manganese deposits, Asul, Burltlrana, and Sereno, have twen 

discovered In recent years in the region of the huge high-grade Ixon OT9 
district of the Serra dos Carajas, Para, north central Brazil. 



A.3.4.1 Azul Deposits 

The Azul deposits were diseoveved In 1971 by Gonpanhia Herldlonal de 

Mineracao, a subsidiary of U.S. Steel Corporation, in the course of 
exploring and evaluating the Carajas iron deposits. The iron and 
nanganese deposits are now under the control of Anasonia Mineracao 
(AMZA), an affiliate of Companhia Vale de Rio Doce (CVRD). The Azul 
deposits lie between the north and south limbs of a synclinoriun composed 
of the Preeambrian Grao Para Group of metasedlaents. Iron foraation, and 
volcanic rocks. The manganese deposits lie above nanganlferous pelitic 
shales of the Rio Fresco Formation that unconf ormably overlies the Grao 
Kara Group (Anderson et al. , 1974). The in-place ore was derived from 
weathering of two shaly protore beds running 14 to 36Z manganese and an 
Interveinlng layer running only 2 to A% manganese. A 900 km railroad, 
from the coast near Sao Luis, Maranhao to the Carajas district, must be 
constructed to serve this relatively new lron-«anganese district. 

Exploration by Meridional consisted of pitting and some diamond 
drilling. An analysis of typical, washed 40K manganese naterlal Is 
58.95% Mn02, 9.4% Fe203, 4.10% Si02, 13.27% AI2O3, 1.25% 
K2O, 0.4 3% BaO, trace of LL^, 0.05X Na» and 9. 062 U2O. The 
washing tests indicated a yield of 1.9 m*t* of washed ore per cubic meter 
In residual accumulations of surface ore derived from the enrichment of 
the manganiferous shales. 

Resources at the Azul deposit were cited at 10 million m.t. for maiqr 
years. Recent exploration has significantly increased the tonnage. 
Preston (1979) cites crude ore resources as estimated by Amazonia 
Mineracao in April 1977, as shown in Table A-6. 



TABLE A-6. AZUL CRUDE ORE RESOURCES ESTIMATES (THO0SA1D6 OF m.t.)* 



In- Place Resources 



Measured Indicated Inferred Tbtal 



Percent 
Manganese 



Detrital 
Lump 

Fines 
Total 



9,800 
0 
0 



9,800 

*FigureB rounded by the panel 



10,400 
15,300 
24,600 
50.300 




24,300 
15,300 
24.600 
64,200 



35-50 
44 

28 
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More recent information (ICOMI, personal communicationt 1979) gave a 
crude ore resource of 65 nllllon n.t. which would wesh to 44 million a*t* 
of product grading 46.5% manganese. Of this, 25% Is said to be larger 
than 1/A In. It Is not clear from Information available that the 
resource picture at Azul and in the surrounding region is conplete* 
Additlonail prospecting may find more ore, iMt no attempt la made here to 
estimate any additional resource* 



A.3.4.2 Bnritlrama 

Ihe Burltlrama deposits are located In the basin of the Itacaluna 

river about 50 km north of the Carajas Iron deposits at Serra do Norte. 
These deposits, like the Azul deposits, were discovered and prospected by 
the Conpanhla Meridional de Mlneraeao. 

Nine separate deposits have been found over a distance of 31 km. 
Most of these are small, with an average length of about 180 n« Samples 
from 26 localities gave a weighted average of 47.29Z Mn, 3.31Z Fe, and 
5.31^ 5102- One deposit designated "B5" was prospected thoroughly. 
Oxide ore extends for 1,400 m with a width ranging from 35 to 340 m and a 
thickness ranging from 5 to 30 m. The deposit was explored by 3,200 m of 
shallow trenches, 27 diamond drill holes, and two tunnels 100 m and 121 m 
long, respectively* 

The surface ore Is hard and dense, but grades downward into soft, 
pulverent oxide ore of lower manganese and higher Si02 and AI2O3 
content. The origin of the Burltlrama deposits appears to be similar to 
the Serra do Navio deposits, with weathering and enrichment of a 
manganese carbonate-silicate protore. Much of the ore is described as 
fines that could be screened to provide an acceptable concentrate 
(Anderson et al. , 1974). Analyses of crude ore from the tunnels gave the 
following: 27-51% Mn, 1.9-5.1% Fe, 1.9-18% Si02, 6-18% AI2O3, 
0.06-1.22% P, 0.09-0.22% Na20, 1.21-2.77% K2O, and 1.3-2.0% BaO. 

Total identified resources are estimated to be 11 million m. t . along 
the known extent of the ore. As in the case o£ Azul, the resources 
picture is probably not complete, but no attempt to estimate additional 
resources has been made* 



A. 3.4. 3 Sereno 

The Sereno manganese deposits lie 85 km to the east of the Serra dos 
Csrajas and 65 km southeast of Burltlrama. These deposits are 
genetically similar to the Buritirama deposits, but they are smaller and 
more widely scattered. Resources of oxide ore are estimated at 2*8 
million m.t. In 28 deposits. Massive manganese oxide la found as 
enriched crusts on the surface, but at shallow depth the fine pulverent 
manganif erous rock assays only 19.4% maoganese. 
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A.3.5 Morro da Mloa. Mlna« Gerale 

At the Morro da Nina nine at Gonaelhelro Lafalete, Nlnaa Gerala, tha 

high-grade manganese oxide ores derived from carbonate-silicate protores 
are nearly exhausted. Present production cones from calcination of the 
protora. ' Batwaan 1902 and 1956, nora than 6 ailllon a.t* of oxide ore 
ware produced, nalnly from opan^plt operatlona. 

Calcination Invol-vea the operation of 3 vertical furnaces with a 
daily capacity of 150 m.t. each. Every 1.35 m.t. of furnace feed 
produces 1.0 m.t. of product grading 38 to U0% Mn, 3 to 5% Fe, 6Z 
Al 0 , 18 to 22X SiOgt and 2 to 3% loss on ignition. Most of the 
product is used locally in aoall furnaces to aanufacture ferro- and 
silicooMinganeae • 

Protore reserves are not cooqpletely knom. For the purpoae of this 
report* a figure of three Billion n.t* of inferred ore is used* 



A«3*6 Harau> Bahia 

The Marau deposits near Salvador, Bahla contain an estimated six 
million tons of ore In a vein-like atructura that extends for eight ka 
and ranges In thickness from one to eight m. TVie ore assays 38 to 40X 
Mn, 5% Fe, 4.3X SIO2, and IIZ AI2O3. Ore minerals are 
cryptomelane, lithiophorite, and pyrolusite. 

The deposits are controlled by a Brazilian ferroalloy manufacturer, 
FIBKASA, that operatea other small mines in Brasil* The Marau deposits 
have been inadequately explored and are being worked by primitive methods* 

A. 3. 7 Other Deposits in Brasil 

A great many small deposits are scattered throughout the states of 
Bahia, Mlnas Gerals, Goias, and others. Some of theae depoaita may have 

been mined out, while some more probably would be termed "mineral 

occurrences." Many have not been mined because they are remote from 
consuming centers and until recent years were mostly inaccessible* A 
total resource of 14 million m.t., evenly split between inferred and 
resource, is Included In Table A-7. 



A. 3. 8 Summary 

Brasil haa fairly large identified manganeae reserves and for several 

years at least should continue to be an Important supplier of ore on the 
world market. Table A-7 tabulates the crude ore reserves and resources 
according to eati^ories. 
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TABLE A-7. SUMMASX OF RESBRVBS AND RBSODRCBS OF CRUDE ORE IV BRAZIL 
(THOUSANDS OF m.t.) 



Reserves 



Heaaured Indicated 



Inferred 



Other 
Resources 



Serra do Navlo 
Corunlia ataa 

UrucuB 

Santana 
Others 

Carajas area 

Azul 

Burltlrana 
Sere no 

Morro da Mlna 

Marau 

All Others 

To tela 



12,800 



2.500 



15,300 



3,200 



14,500 
1,515 



19,215 



27,000 
2,193 



3,000 

6,000 

38,193 



5,000 

15,000 
130,000 



64,460 
11,000 
2,800 



14.000 

242,260 



Total Reserves (rounded) 72,700 
Total Other Re sources (rounded) 242,300 

TOTAL 315,000 



Note: Dash (-) ■ Denotes no data assigned by the panel to this category! 
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Considering only ore from identified reserves, applying estimated 
benef Iciation factors and an underground mining recovery factor at 
UrucuH* estlBBtad product nservBS and grades are sbown in lable A-6. 



TABLE A-8. SUMMARY OF IDBNTIFIED RESERVES PRODUCT ESTIHATBS 





Reserves 
(1.000 m.t.) 


Percent 
Manganese 


Serra do Navio - lump ore 


5,788 


48 


- pellets 


2,317 


55 


Corunba - Urucum - ROM ore 


26, AGO 


46 


' Santana - washed ore 


1,504 


46 


Bahla - Harau 


4,000 


43 


Mlnas Gerale - More da Mlna 


1.500 


27 


Total 


41.509 





The question of additional resources in Brazil is difficult to answer 
with any degree of confidence • Certainly It Is a vast country snd 
undiscovered deposits of manganese may exist. However, the very size of 
Brazil, the great distances involved, the difficulty, of careful and 
detailed work in the jungle areas, the hacards to health and equipment, 
the dense cover of vegetation and the deep alteration of most rocks, and 
other factors make prospecting slow, expensive, and arduous. It appears 
that the Corumba and Carajas areas offer the most promise for Brazil to 
maintain its overseas manganese markets. To compete* however, these ores 
must be upgraded and transportation facilities constructed or vastly 
improved. In view of the pending depletion of Serroa do Navio and the 
time span required for new transportation construction, Brasll msy became 
a net importer of manganese ores and ferromangsnese within ten years. 
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Tunisia 



1. Sredna Gora, Bulgaria 

2. Drama, O^^te 

3. Urkut, Hungary 

A. Cevljanovicl , Yugoslavia 

5. lacobeni AV^ii j ' ft5fh4flfai " Se.i 



FIGURE A-4. Operating Mines in Southeastern Europe 
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A.4 BULGARIA 

In spite of an intensive effort to increase dcmstic supply, typical 
of countries with contrally planned econooles since World Usr II, 
Bulgaria is heavily dependent on the USSR for metallurgical manganese 
ore* The manganese balance of 1975 Is estimated to be as follows: 
requlrenent for crude steel of 2,263,000 «.t.— about 45,000 m.t. 
nanganese; local produrtlon — about 10,000 m.t. manganese In 35,000 m.t. 
ore containing 28.3% manganese; exported (to East Germany?) — 2,300 m.t. 
nanganese; and balance of requlrenent— 37,300 a.t. nanganese from USSR, 
in 126,000 m.t. of ore/concentrate — about 3QZ manganese. 

Hsnganese ore production rose from almost nothing In 1948 to a peak 
of 81,000 m.t. in 1957 and was 40,000 m.t. In 1978. In recent years 
oxide ore grade has dropped from about 30 to 27.52 manganese* 



A.4.1 Sredoa Cora Deposits 

The main source of local manganese-^xlde production has been from the 

volcanogenic-sedlmentary metallogenetic zone, running nearly east-west 
from Sofia, past Plovdiv to Burgas. This is the central part of the 
Kralshte-Burgas syncllnorium, in which there are considerable masses of 
andesites, and Cretaceous elastics, as well as some limestone. 
Ferruginous manganese deposits, related to submarine. lava outflows, occur 
at many places along the belt. Most of these are small and unimportant. 

Typical modest deposits are the Pozharevo occurrences, 39 in all, 23 
km northwest of Sofia. Cataclastically dislocated orebodies, with 
nylonltlsatlon and faulting, are In contsct with andesites and overlying 
marl or tuff at a depth of about 50 m. The structure of these deposits, 
explored by underground drifts, is very complicated. They extend 
laterally for 160 m and are 1.5 to 4.5 m thick. Aggregate potential Is 
only about 100,000 m.t., with ore chemistry as follows: Mn 17 to A8X; Fe 
0.3 to 9.6Z; Si02 11 to S5Z; AI2O3 6. 82 maximum; and low P, 0.02 to 
0.06X> Ore minerals are pyrolusite, psilomelane, rarely manganlte, and 
braunlte Intergrown trith opal and chalcedony so that the material Is very 
siliceous. "First-grade" ore has 31 to 32% manganese plus 28% 8102, 
"second-grade" similar manganese plus 32Z Si02, while "third-grade" has 
28.5ie manganese plus 34. 3Z S102* 

Manganese showings with negligible potential are typified by 
localities on the Rilska and Struma Rivers, near the Hscedonla border. 
Veinlets of wad, hematite, and pyrolusite occur in a 2 m central band in 
a 10 to 15 m crushed zone in schistose and Injection gneisses and 
Pliocene sands. Length is seversl meters to tens of meters* Some 
superficial manganese oxidation occurs, but grade is very low* Rocks are 
steeply dipping and oxidation cannot persist at depth* 
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A. 4.2 Varna Belt Baaourcas 

Die largest manganese resource potential In Bulgaria Is part of the 
great Ollgocene deposits of the southern USSR. Msaganese carbonate and 

silicates, with some superficial oxidation similar to Nikopol', occur at 
the base of the Ollgocene over a large coastal area, extending 15 to 25 
kn inland from Blatnitsa in the north to Byala in the south, with 
Obrochlshte centered between Varna and Kavarna. The resource has been 
developed by 17 boreholes, as well as by outcrops on both sides of the 
Provadiya River at the villages of Ignatlev, Pripek, Rudnik, Byala, and 
others. Ore Is also developed by a Shaft in the Obrochlshte area. Cover 
depth in the vicinity of the southern outcrop ores ranges from 2 to 70 
m. Some small amount of oxide shallow ore is developed with 29 to 39Z 
aanganese, sons of which has been worked. Thickness of three beds 
aggregates 9 to 10 m. Potential of Individual occurrences such as Byala» 
Rudnik, Pripek, and Ignatlev are each In the order of 10,000 to 30,000 

B. t. of high silica (40K Si02), high phosphorus (0.2 to 0.25X) 
resource, with 20 to 30Z asnganese as oxide ore and 13 to 21% manganese 
as carbonate ore. Aggregate potential of economic parts of the formation 
was given in 1961 by lovchev as 13,170,000 B.t., containing 2,710,000 
m.t. (20.5%) manganese, and "resources" were 15,730,000 m»t» at 2,410,000 
B.t. contained manganese. 



A. 4. 3 Obrochishte Resources 

In the Obrochishte area proper, aa in Nikopol', the Banganeee occurs 

at the base of the Ollgocene In sllty and glauconltlc clay, succeeded by 
marls and more silts. The total thickness of the Ollgocene, where it 
outcrops, is 175 to 360 b, with the Bsnganlferoue bed, ranging froa 2 to 
24 m, at the bottom. At Obrochlshte No. 1 shsft, the thickness Is 11.30 

B. Ore is pisolitic and concretionary; oxide ore is absent. Pisolite 
ainerals sre Bsnganese hydro silicates snd Banganeee carbonate, with 
accessory pyrite and alabandite suggesting high sulphur. There ie 
evidence of hydrothermal activity and barlte occurrences in sobs placea, 
so scceasory Betels may be suspected. Msngsnese carbonates are 
rhodoehroslte and aanganocaleite* 

Ihis resource is quite low-grade. Manganese ranges from 6 to 18X 
with silica uniforBly high at 38 to 48Z. Iron Is generally less than 2%, 
AI2O3 at 4 to 7%, alkalies 2.5X, lime plus magnesia about 15Z , and 
phosphorous, as in Nikopol', at 0.1 to 0.4Z. It Is intimately nixed with 
caleian rhodoehroslte. The cheolecry and depth suggest a subBSCglaal 
resource. 

The Obrochishte eres proper is about 52 kB?. which would give the 

rather large potential of 1.5 billion m.t. of 10% manganese material with 
a thickness of 10 m and a density of 3. Boreholes indicate the horizon 
both In the north and the south of the Varna Belt, over e distsnce of 100 
km. Based on these widely separated points of observation, the 
hypothetical and speculative resources (C2) night be an additional 6 
billion m.t. at lOZ manganese if half the total area is underlain bgr the 
carbonate, with an average thlcknesa of 2 a (lovchev, 1961). 
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A.4.4 Mmgaoeeg Resourc^a In Iron Ow 

1h« Xrsalkovtsl Iron ore deposit, 25 km northeast of Sofia, consists 
of aldarltlc and henatltlc ore, at 150 ■ depth under Pliocene alluviua* 

Ore is capped by up to 100 m of llmonite. lovchev (1961') gives reserves 
as 247 million m.t. averaging 30. 3Z iron and 6 •22 otanganese, with 13 
million n.t. of recoverable contained aanganese. Ore is developed on a 
drill grid of 50 to 100 m, with over 300 holes. About 133 million are B, 
60 million Cj^, and the balance A. The sedimentary-hydrothermal 
deposits aie high in lead (0*2 to 1*2Z) and BaSO^ reaches 18. 4X, both 
undesirable manganese contaninants* This is a subnarginal ■anganeae 
resource with poor chemistry, and as a nanganiferous iron ore, does not 
qualify for Inclusion. 

The Martin Iron ore, near the village of Chlprovtsl In northwest 
Bulgaria 75 km northwest of Sofia and near the Macedonian border, has 
7.6 nillion n.t. of 23Z iron-siderlte ore with 6.5X manganese (i.e., 114 
thousand m.t. contained manganese). The deposit Is a sulphide complex 
with 1-3Z Pb, U Zn, high S (1.5Z), and As 0.3%. Because of high 
contaminants and small tonnage, this resource has little practical 
significance. 



A.4.5 Hanganese Reserve Sumsary 

Table A-9 gives reserves by categories (lovchev, 1961). Mote that 
420K manganese is considered ore in the "reserve balance" (balansovl 

zapasl), while generally all lower grades are In the "nonreserve balance" 
(izvanbalansovi zapasl). Recovery is not given but assumed to be high 
Since much is open-pit. 

The lovchev figures were distributed as follows in Tables 3-7 and 
3-6: A2 -t* B category reserves were totalled in measured and Ci (or B 
•I- C, where unseparated) vere totalled under inferred* The g.rades were 

weight-averaged and 75% recovery of manganese was assumed. Because of 
the low grade and carbonate mineralogy of the Kalamantis material, it was 
assigned to submarglnal resources, although in Table A-9 10.363 million 
m.t. are shown as reserves of C2 type. Although the lovchev figures 
are somewhat dated, they are believed to be representative because 
production since 1961 was not more than 60 million m.t. of crude ore in 
aggregate. 
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TABLE A'9> Manganese Resenraa and Sesouffcaa In Bulgaria 



District Nane of Reserve Reserve ("Balansovl") Non-reserve (ReaourceT 



Occurence and Ore Category 
tjpe 


Ore 
1000 a.t. 


Mean X 
Mn 


Cont. Mn 
1000 m.t. 


Ore 
1000 n.t* 


Mean Z 
Ma 


Coat* Md 
1000 m.t. 


I. Varna District 

1. Ignatiev 

a. Varna pare Aa-t-B 
oxide ore Ci 


42.1 


25.29 


10.647 


48.0 


14.40 


6.912 




Mixed oxide 

Carbonate 










: 






b. Pripek A2+B 
oxide ore 
Mixed oxide Az-t-B 
S carbonate Ci 


55.6 

1,000.0 
1,083.5 


20.70 

23.2 
21.9 


11.509 

232.200 
237.286 


415*5 


16.36 


- 

67.976 




c. Kallmantsl/ 
Ignatiev Part 


10.362.5 


20.3 


2. 103.587 


4,435.3 


13.80 


612.058 




2. Rudnik 

oxide ore Ci 
carbonate ore B4CI 


4.0 
S66.0 


27.11 
17.89 


1*084 
101.237 


4,130.7 

5 OSl 5 


16.20 
15.60 


669.173 
788.034 




3 . Byala 

a. Karadepe Ci 

oxide ore 


7.0 


28. 38 


1.987 


— 


- 






b. Coritaa 

carbonate ore B 


47.8 


22.63 


10.817 










e. Byala Part Ci 

Mixed oxide 

it carbonate C2 








63.4 
204.5 


2<t.<iO 
23.60 


15.470 
48.262 




ux.^carbonate Ci 








1,380.0 


14.80 


204.340 




TOTAL VARNA Aa-»-frH:fK:2 


13.168.5 


20.54 


2705.374 


15728.8 


15.34 


2,412.125 




II. K'rdzhali Diet. 
















Enlovche Ci 
















III. Sofia Dist. 

Pczharevo A2+B 
Mine oxide Ci 


3.2 
1.1 


29.89 
29.36 


0.956 
0.323 








TOTAL SOFIA A2+B+C1 


4.3 


29.76 


1.279 








GRAND TOTAL As-t-B+Ci-fCj 


13.172.8 


20. 3S 


2,706.653 


15,728.3 


15.34 


2,412.125 



SOURCE: lovchev, Y. Sm. "Mineral Resources in the Peoples' Republic of Bulgaria** 
Sofia, Tekhnika Press, 1961. (Poleznl Izkopaeml na B'lgariya) 
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A. 5 HUNGARY 

The two deposits of any significance are Urkut, 20 km northwest of 
Bala tonfoe red (l.e.i north of the center of Lake Balaton) and Epleny, 15 
km, by rail, north of Vescprem In tin Bakony Mountains. In 1974 total 
Hungarian production was given as 127,000 m.t. of oxide ore and 54,000 of 
carbonate ore* At Urkut, there are 3 underground mining shafts, at 
depths of 100 to 200 «. At Epleny, oxide outcrop discovered In 1928 was 
mined by open-pit until exhausted. It is now mined by shafts at a depth 
of about 250 m, where a bed 6 to 8 m thick and ranging to a maximum of 20 
n is nearly horizontal, but mildly contorted* 



A.5.1 Ore Grades 

At Urkut carbonate crude grades 20.5% Mn, 9.9% Fe , up to 0.5% P and 
21.7% Si02« Oxide ore is manganite, psilomelane, and pyrolusite* The 
carbonate ore Is rhodochroslte. Fhosphorus occurs as a secondary apatite 
low in fluorine (dahlllte). The most frequently recurring phosphorus 
value is 0.2SZ* 

At Epleny, oxide ore has lUJa Mn, 10.7% Pe, 0.25% P and 20.36% 
SIO2, including interbeds of waste. Without Interbeds, manganese assay 
Is 30 to 36X. The carbonate ore contains 14Z Mn, 42 Fe, 22.8X SIO2, 
and 0.15Z P. 



A. 5. 2 Beneficiatlon 

As neither the oxide ore nor the carbonate ore is suitable material 
for ferroalloys (because of the low manganese content and low 
manganese-to-iron ratio) or for blast furnace additions (because of the 
high phosphorus), beneficiatlon has been applied at Urkut, which has 
greater reserves than Epleny. 

Forty tons per hour (tph) of crude ore at about 33Z manganese are 
washed by an Excelsior washer and by Iq^drocyclones* Washed ore has 38*5Z 
manganese that represents a 33Z recovery. The product contains 56X Mn, 
9X Fe, 7.5Z SIO2, and 0.18Z P. 

Caldnliig crude ore of 32Z manganese Is reported to raise the grade 

to 36Z manganese, which, after magnetic separation, will yield a product 
of 51*7% maqganese with 2.3X iron and high (0.12Z) phosphorus. Manganese 
yield Is 61Z. The product Is reported to be uneconomical. Hatte 
smelting of manganese failed to produce a HoO slag of satisfactory 
composition for ferromanganese manufacture. 
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A.5.3 Reservee 

In view of limited usability, the naterlal should be classified as a 

resource* In fact, Horvath, et al. (1979) states that It is more 
economical to import high-grade oxide ore from less-developed countries* 

UrkuC is considered to be syngeneclc sediaencary carbonate ore of 

lower- to mid-Eocene and thus could have some persistence. Remaining 
oxide at Urkut is irregular and of secondary enrichment. Epleny is 
considered to have some primary oxide, plus carbonate and secondary oxide 
enrichment; these wedf;e out over 1 km along the strike and AOO m across 
the strike* Exploration at Urkut probably included more than 300 holes 
(spacing unavailable) and the carbonate layers in aggregate nay be up to 
100 m thick. 

Hungarian resources, presumably mainly at Urkut, are given as 25 
million m.t. of oxide ore — of which only 15,000 m.t. are mlnable. 
Additionally these may be 500 to 600 million m.t* of manganese carbonate 

resources* 

The quantities are believed to be material in place. Total product 
resources available, after allowing for the usual mining losses plus 
those of the washer, would be in the order of 215 million m*t* of 
carbonate ore containing perhaps 20.5% manganese (i.e., 45 million m.t. 
of recoverable contained manganese, assuming a reasonable continuity of 
mineralisation) • 

A.5<4 Resources 

All the crude material Is considered a resource rather than a 
reserve* Combined cyclone sands at 25Z Mn and slimes at 13% Mn, with 16 
to 17X Pe and 16 to 27Z 8102, are being produced at 26 m.t. per hour 
(tph) when plant is running, or possibly at a rate of 100,000 m.t. 
annually. This represents a potential lower-grade resource of 100 
million m*t* of 25X manganese (cyclone sand) and 240 million m.t. of 15X 
manganese (slimes). The 25% product is reported as unsuitable for 
economic spiegel production. Both of these material types fall more 
appropriately into the classification of ferruginous manganese ores and 
hence are excluded from the Resource Tables 3-7 and 3-<8* 



! 
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A. 6 UNION OF SOVIET SOCIALIST REPUBLICS 
A*6.1 Sttiary of E«gentlal Characterletlcs 

A.6.1.1 Sottthern Ukrainian Basin - Nikopol' 

Some 82.4% of the economic reserves (balansovye zapasi) of the USSR 
are found in the Nikofiol' aanganeae district of the southern Ukraine, 
shown In Figure A-7. This dlsctiet accounts for about 72X of the OSSK 
production of contained ■aOfSMM ualCS in concentrate. I.e., about 2.6 
million n.t. contained manganese per year. Originally all manganese 
was mined underground. However, deep-stripping operations have 
IneYOMed from IIX in 19S5 to in 1971. This has improved 

extractloil* but at a higher cost. Ores can be used to make standard 
ferromeaganese after upgrading, but by western standards the product is 
expeitsive after the extensive eoneentnting and sintering steps and is 
high in phosphorous and ignition loss. 

The Southern Ukrsinlan manganese ore besin has been well explored 
and no new aigniflcant discoveries that would materially add to 
reserves are expected. The bulk of reserve additions were made during 
the period of Intensive investigation from 1950 to 1958. Nothing 
significant has been added since then, so that the reserve addition 
curve, as shown by Boyarskiy (1975) Is slightly in decline. 
Sapozhnlkov (196 7) states that the problem of good ore reserves in 
Buropean SSR in the principal manganese-producing districts (Ukraine, 
Georgia) is becoming acute. 

The average life of the open-pit Nikopol* reserves, as derived in 

the reserve analysis, is calculated at 31 years as of late 1979. 
Boyarskiy (1975) states that the total quantity of Investigated and 
presently active reserves of manganese ore should assure the All-Unlon 
1980 production level for 30 years. This appears reasonably consistent. 

The bulk of the operations are highly-mechanized, deep-strip 
mining, using tremendous complements of glant-'sised earth-moving 
nachlnes such as bucket-wheel excavators. The low-grade crude ore 
mining is followed by complex beneficiation. Consequently, the 
operations are cerefully planned and rigidly scheduled for quinquennlel 
plans. In such a system, where there Is no high-grade ore suitable for 
the market economiea, even though production easily could be increaaed 
by simple methods, there Is almost no flexibility or ability to quickly 
supply unanticipated demand. Were the Gabon or South African 
production to be fortuitously disrupted, about 1.3 to 1.75 million m.t. 
of contained manganese units per year would be removed from world 
supply. The Ukraine would heve to add 50K to its product lim cepebillty 
to compensate for the deficiency. This Is considered highly Improbehle 
and would require a long period of equipment buildup* 
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A.6.1.2 Georgian Basin - Tchlatura 

The Tchlatura basin contains about 9Z of USSR economic reserves and 
accounts for about 28Z of the production of contained manganese units 
In usable concentrate. I.e., about 1*015 million m.t. contained 
■snguMs* per year. 

The best ore was mined 70 years ago, and average concentrate grade 
liss dropped ftM over SOZ aangeiieee to about 40X. About 39% of 
commercial reserves (balansovye zapasl) are carbonate ore, containing 
about 23Z aanganese In the crude state, which Is difficult to 
benefieiate* More than two-thirds of annual production Is froa a thin, 
horizontal bed underground. More than 30X of the underground mining Is 
secondary recovery from old stope areas that are difficult and 
expensive to nine. Reserve analysis suggests about an 18-year 
remaining life at 1980 production rates. Ore conservation measures 
Include secondary recovery (salvaging ore from early workings), 
experimental recovery of low-grade manganese froa sllnes, and 
optlnlsatlon of mining* 

As in the case of Nikopol' , the nature and complexity of the 
■Inlng/beneflclatlon operations preclude any substantial near-tem rise 

in concentrate production to palliate a deficiency In world supply If 
high-grade ore sources such as Gabon or Australia were disrupted. 
Although there were sone ore additions frmi 19M to 1972, they are not 
substantial and one can regard Tchlatura assantlally as a source In 
static production or slow decline. 



A. 6*1. 3 Others 

There Is Insignificant manganese ore production from Kasakhstan, 
Karadzhal deposits (Atasu) and Karsakpai (Dzhezdinsk) deposits that 
goes to the Favlodar ferronanganese production unit. The grade is 20 
to 2SC nanganese and recoverable reserves. In terns of nanganese 
content in these and all other USSR deposits as listed in the synopsis, 
are relatively Insignificant, if indeed econoalc, as coopered to 
Nikopol' and Tchlatura* They account for only 91 of the total reserve 
balance, expressed as tons of crude ore, as given (without grade) by 
Boyarskiy (1975). 

There are ninerous deposits, occurrences, and resources of 

manganese in the Soviet Union, none of which is consequential compared 
to the Nikopol' (Ukraine) and Tchlatura (Georgian SSR) deposits. 
Because of the laportanee of the latter two, they are treated at soae 
leogth and all minor occurrences are summarized in the synoptic Isble 
A-15 at the end of Section A. 6. The aggregation of reserve and 
resource numbers in Ssbiea 3-7 and 3-8 for the deposits other than 
Nikopol* and Tchlatura is explained in A. 6* 6* 
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A.6.2 Nikopol' Manganese Orm Ba«ln 

Froa the standpoint of contained aanganese In the usable 
production, the Nikopol' district in the southern Ukraine rivals South 
African aggregate production. Nikopol' has been mined since 1889 and 
Is the aost laportanc in the world as far as produetlon activity and 
developaent* 

Geographically, froa west to east* the bssln consists of six 

deposits. They are Ingulets (unimportant), from the river of the ssaa 
name about 30 kat south of Krivoi Rog; Vysokopol'e, Novovorontsovka 
(unimportant); the Nikopol' East and West deposits (important), about 
50 km southwest of Zaporosh*« Donetsk, north of the Kakhovka reservoir; 
and Bol'she Tokmak, 73 km southeast of the same town> The Nikopol' and 
Bol'she Tokmak are deposits on either side of the Dnieper River. All 
deposits are served by rail and are within 100 ka of Black Sea ports* 
Had quality and production permitted, they were well situated, 
conpetitively, for international trade. 

The Nikopol' deposits are covered by large open-pit and underground 
nines operated by two combines Gomo Obogatltel' Konbinat (alnlag 
beneficiation eowbine) (GOK). The western or Ordshonikidse Cowbine 
operates the following open pits: Bogdanovsky, Shevchenkovskly , 
Alekseyevskly, Zaporozhskiy , Chkalovskiy No. 1, and Severnly (the 
northern). Ihe eastern district, under the Manganese State Combine, 
operates Grushevskiy and Basanskiy open pits, together with 18 
underground mining operations. Other deposits under the Manganese GOK 
are the Komintern-Mar'evski, and 4 smaller, mainly oxide deposits, 
i.e*i Zakaaanskii, Movosalovskoa Pit, Ifikolaavskoc, and 
Nsksiaovo-TLiioshevskii . 

Each ce«bine has washing/concentration plants; sltogethcr there are 

eight. Ordzhonikidze has three washers and one sinter plant. The 
Nikopol' aanganese ore basin has 62% of all USSR reserves and accounts 
for about 722 of the usable concentrate. Because many of the 
operations are similar and because they mtm asaantially all on one ore 
deposit fomation, the descriptions below are generalised. 



A.6.2. 1 Production t Chewistry 

Hikopol* predowinates in aggrsgate USSR production figures which 

were 9.2 million m.t. of usable concentrate product in 1978. 
Calculated content of all ore shipped was about 36. 2Z aanganese in 
1968, 36.4Z in 1969, and has been dropping slightly to 33. 8X in 1977. 
USSR exports of manganese concentrate are declining both in absolute 
tons and in percentage of total production (see Table A-10: USSR 
Manganese Ore Export Statistics). 

Of about 6.7 million m.t. of usable concentrate from the Nikopol* 
mines' crude ore production of 14.4 million m.t. in 1978, it is 
estiaated that about 3 willion had a grade of over 45Z and 3.7 willion 
graded 34Z. 
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TABLE A-10. USSR - MANGANESE ORE PRODUCTION AND EXPORT STATISTICS 
(THOQSAMDS OP a.t.) 





197A 


1975 


1976 


1977 


197^ 


PRODUCTION 


81SS 


8459 


8636 


8595 


9200 


(CONCEHTBAIE) 












EXPORTS 












Bulgaria 


130 


136 


127 


108 


78 


Ganan D«R» 


ISO 


179 


185 


186 


170 


Cz echos l<nrakia 


329 


341 


356 


320 


373 


Poland 


495 


484 


482 


502 


446 


nt»r«a7 


65 


57 


5 






Siiedan 


37 


26 


18 


5 




Japan 


194 


112 


75 


110 


19 


Others 


82 


86 


94 


121 


100 


Total 


1482 


1411 


1342 


U52 


1186 


EXPORTS AS PBRGDIT 












PRODUCTION 


18.2 


16.6 


15.5 


15.7 


12.9 



SOORCBt Exports: Ministry of Foreign Tt«d« USSR Foreign Ttad* 
Statistical Review, Annual Publication. Published by " Statiakika* 
Moscos (Minister stvo Vneshnei Torgovll, Vneshnyaya CCCR, 
Statlatieliaskii abornik, Nocikba "Statiatlka" 1976 aial otber yaara) 



Because the crude ore varies froa oxide to manganese carbonate, 
tlwra are variooa cxada "ore" and coneantcata qualltiae. All 

concentrate la high in phosphorus, ranging from 0.18? In carbonate 
concentrate to 0.25Z phosphorus in oxide concentrate. Loss on Ignition 
(LOI) is 6 to 14X for OKida product and 25 to 34X for carbonate 
concentrate. The phosphorus is In kursklte, a phosphate nineral not 
eliminated in the net gravity concentration. All ores are lov in iron, 
giving acceptable nanganasa-to^iron ratios for farroaangaoaaa 
production. Silica in oxide concentrate is about 5Zt but it ranges 
from 8 to 17Z in "low-grade carbonate." Illuatrative, generalised data 
aa to crude ore quality and concentrate grade are aa follows: 
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In 



Crud« Ore Hanganw Cowntrat* in Slnf r 

Low-grade 

Gkrbonate 13 22 . - 

Carbonate 13-17 27 36 

Oxide 23-26 39-43 

Mixed Oxide -I- 

(krboaetc 11-35 32-33 



Distribution of crude ore grades in deposits Is illustrated la 
TkUe A-11. 



TABLE A-11: CRDDB OU 6SADB DISTUBUnOH 111 SOME DEPOSITS 



Hikopol ' East ( GruslMt vo-Ba sanskl > 


Approxinate Percent 


Crude Ore 


of Grade Interval 


Grade Range X Mn 


5 


barren 


2 


13 


25.0 


13-17 


25.0 


17-21 


16.7 


21-25 


33.3 


25-33 




average (i^prox.) 22 


Bol'she Ibknak 


2 


13 


5 


13-17 


12.5 


17-21 


50.0 


21.25 


10.0 


25-29 


5.0 


29-33 


10.0 


+33 



averafe (apprmc.) 19 
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TABLE A-11 (continued) 



Komintern-Mar ' evski 


Appro A itna l e rerc cnC 


K>T\iae ure 


Concent rate 


of Grade Interval 


Grade RaqRe Z Ka 


Grade 




13 


25 


Inainly carbonate ova 








13-17 


22 


lOZ \ 


17-21 


22-25 


> mixed carbooate/oxlde 






40K j 


21-25 


25-34 




25-29 


34-43 


SxSwMLtkLy oxide 


29-33 


43-47 


lox) 


+33 


+47 



average (approx.) 23 



A.6.2.2 Mining 

Extraction is an enormous earth-moving operation. All ore up to 
1952 waa mined underground. To lower cost and increase productivity, 
open-pit miniag uaing tlmt complexes of bucket-wheel exeavatora, 
draglines, and long conveyors is being used more and more, to 
stripping depths of 90 m for an ore bed that is generally about 1.5 to 
2 ■ thick, but may be awn leaa than 0.5 ■ in aome plaeea* Strip 
ratios average 20 per m.t. of crude ore. Some Illustrative 
thicknesses of mined sections or sections developed for mining are 
Grusheyako-Basanskl, 2*18 n; Bol'she Tbhaak, 1*05 m; and 
Komintern-Mar 'evski, about 1.4 m. Orebodles are below mi nable 
thickness at the edges, have finite boundariea, and are of Irregular 
font. 

Overburden is 97Z of all material handled and accounts for 90Z of 
the production cost. Since 1974, Ordzhonikidze GOK (minlng/concen- 
tratlqg coMbine) is all opea-pit and prodttctivlcy la eatlaated at 2.94 
times better than the underground operations, on average. The 
Increasing emphasis on giant bucket-wheel excavators and long belts to 
Strip and move overburden Is shown by cbe following ptofreaaion: 
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Year 



Fere«ne 

of all 
Output 



Cubic Meters 
Handled by Bucket-Wheel 



1971 



37.4 



56>937,20O 



1972 



80,012,700 



1973 



71,400,000 



1974 



85,539,200 



1975 



45.1 



90,915,000 



Overburden Is either green clay up to 15 a thick, or sands of the 
Samatian foraation, ionedlately over the aanganeae, up to 12 m 
thick. Ore-bed thickness range Is 0.5 to 3.1 ■ and averages 1.9 n. 
Beds dip lightly south. Drainage has been a problem. There are 5 
water-bearing horizons, of which the upper two have little flow. The 
third horison (Lower Samatian) has such water, with a hydrostatic 
head of 15 m. The fourth water horizon is in the ore formation. 
Dally water flow ranges froa 792 to 14,712 m-^. Original drainage 
concept of water^lowering walla andar tlia pits was abandoned as 
uneconomic, and replaced by susp puaps handling up to 100 w^ (25,000 
U.S gallons per hour)* 

Equlpnent coaplamnt for Ordzhonikidze GOK includes 9 large 
bucket-wheel excavators, 37 walking draglines, 83 shovels, 364 rail 
cars, and 413 vehicles. Individual pits range from 3 to 7.5 km long 
and 2 to 4.4 ka wide. Transport of cmde ore to waahlng plants in by 
railway cars BC-80 using electric locomotives type El-1 or steam 
locomotives TEM-2*s. Main conveyor belts are 4 to 4.6 km up to 5.5 km 
long. Open-pit alnliig in tha Nikopol* Basin ineraased fxow 76.SZ of 
all ore In 1971 to 78. 6Z in 1975. 

Tarovoy et al. (1977) furnished the individual pit data shown In 
Ikble A-12 to which has been added the calculated crude ore reserves 
based on the yeara of life and 1975 crude ore production indicated by 
Yarovoy. 
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TABUS A-12. PBODDCnOII DATA AND CALCULAIBD KESERVES (a.t.} 
1975 



Stripped 
Matttrlal 



Grttdft 
Or* 



Taars* 

Ufe 



Crude Ore 



Ordzhoulkidze GOK 

Bogdanovsky 
Shevchenkovsky 

Alekaeyev 
Zaporozhsky 
Ghkalovsky No.l 
northern 

Manganese GOK 

Basanskl 
Cruaheveky 



23,018,800 
28,336,700 

21,875,100 
31,245,400 

30,203,500 
24,266»400 



16,986,300 
16.697.200 



1,275,700 
1,737,600 
1,979,700 
1,983,200 
1,384,300 
1,1AO,000 



713,100 
1.138.700 



192.629»400 11,352.800 
SODBCE: Tarovoy, et al. (1977) 



26 
47 
22 
38 
45 
44 



33 
33 



33,168,200 
28,336,700 
43,553,400 
75,361,600 
62,316,000 
50,160,000 



23,532,300 
37.577.100 



35.9 407,288,800 



Average strip thickness is 57.64 m except for Alekseyev (33 m)« 
In 1975, aeteriel me handled ae follonfe: 4.9X hy rail, 26Z hy 

conveyor, 9.2Z by truck, 19Z to spoil bank with double handling, and 
40. 8Z direct to spoil bank. Average truck haul ie about 2.5 ka. The 
•pell angle on etrlppad aatarlal le 17 to 18*, while on aaterlal la 
place the repose angle la 30** Upper bench slope Is 40* and lower 

30°. Generally operations run 10 months depending on winter severity, 
when temperature can reach -13"C. For cultural and recreational uses 
and for stocking washing plant alioes, 80Z of the land is restored* 
Starting In 1974, 4 million have been put back at OrdshonlkidM, 
and 3 ka^ have received slimes at Manganese GOK. 

In early 1979, a 400 m long decline of a 22 tn^ section was being 
driven in a two operating shaft area of Manganese GOK, to raise 1*5 
allllon a.t* of crude ore anmially while the shafts were under 
reconstruction. The Econonic Gazette (1979) mentions that to increase 
work tempo designers have to design access drives for a single ahaft 
of up to 10 ka. The cost and productivity history of Ordzhonlkidxe 
GOK and Manganese GOK for five years, 1971-4975, are givea ia Tahle 
A-13. 

Ihe reaeon for higher unit cost at Meaganeee GOK ie not 

imoediately apparent since both combines have some pits with a strip 
ratio of greater than 20:1. However, Basanskly and Grushevskly have 
aoae of the thinnest ore* O ow pa iad to the coat of crude delivered to 
concentrator (Msaen, 1967), the 1975 cost repraeante an tncfaase of 
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3.3X per year, c<mpoiiiid«l . In 1975, tlM cost per a»t* of ore after 
•Inter! ng was about il7.30, neglecting recovery looMO onil coot of 
benef iclatlon steps. Ihe low grade and elaborate procOMlng aake the 
product high-coat* Since all ore is mined by a ahovel, without 
ocleetlon, and elnce area* of ■ining aro olthor flUed-ln or coelalMd 
for cultural ueea, tbare la no reaalnlng reaource to be reworked later. 



TABLE A-13. COST & FIODOCTIVITT HISTQKf, 1971-1975 



Productivity (Tone per T«ar 





Ittblea per 


Hetrle Ibn Crude 


per laborer) 




Open 




Open 






Pit 


Underground 


Fit 


Underground 


Ordzhonikidze GOK 








1971 


4.89 


6.83 


2671 


908.9 


1972 


4.86 


6.75 


2720.6 


920.5 


1973 


4.92 


5.82 


2822.4 


944.9 


1974 


5.18 


4.85 


2844.3 


708.7 


1975 


5.50 




3134.1 




Kangani 


lae OOK 








1971 


6.36 


7.20 


2068.9 


961.5 


1972 


6.55 


6.94 


2052.4 


1021.5 


1973 


7.33 


6.80 


2013.7 


1063.7 


1974 


8.06 


6.54 


1404.9 


1134.5 


1975 


8.75 


6.45 


1600.1 


1179.8 



SOURCE: Yarovoy, et al., 1977 



A.6.2.3 Beneficiation 

Oxide, near-shore ore contains pyroluslte and psllomelane, nixed 
oxide/carbonate ore has nanganite and polype rmanganite, and carbonate 
ore contains calclte, rhodochroalte and Banganocaldte. Ore foraa are 
nodulee, plaolltea, ooUtea, eartbgr, and dlaaealaated • 

Ore is crushed, screened, waahed, and classified, by either Jigs 
or other gravitational devicea. Screen overaize is crushed In rolls 
to 35 mm and again to 3 mm. Fines are treated by electromagnetic 
separation and the coarse fraction (3 mm) goes to high-intensity 
■agnatic separation and flotation. After dewsterinB* the product ia 
agglaaerated on belt elnterlng wachlnee. 
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Ore Character 

The bed Is remarkably persistent laterally, although varying 
considerably In thickness from 0.5 to 4.5 n where mined. Ihe bed 
toainateB hf natural thloniag, not by structural eoapHcation* Orad* 
decreases south mad southvest, down dip, oxldu ora glvas my to 
carbonate. 

Regionally, ore Is truncated on the north by tho ohore of the 
Ollgocene sea. The extent of the arcuate band froa Hkopol' to 
Bol'she Tokaak Ims boon fairly wall daflaad by davalopaant drilling In 
the mine areas and regional raconnataaanca, which showa wfaara tha ora 
la abaant (aea Figure A-?). 



A.6.2.3 Baaarvaa 



lha lowur Ollgocana nanganaaa-baarlog aadlwantary foraatlona, of 

the Ukraine, Caucasus, Bulgaria, and Israel In aggregate, probably 
rapieeant tha greatest and most continuous accuoulatlons of manganese 
In tha world, not all of Which, bacauaa of thlnnaaa, ehasdatry, or 
other uneconomic factors, are ore. Characteristic featuxaa era a thin 
ore bed of renarkabla peralatanca and low grade « with aowa dlagaaatle 
nanganesa radlatrlbutlon. The oraa have finite boundaries, with no 
gradatlonal fall-off In manganese contant, that rapidly drop to tha 
Clarke value beyond the edges. The manganese Is considered to have 
been leached under more special alkaline, rather than acid drainage 
coodltiona frow tha aourea roefca, in a rathar warn, hmld sons, with 
tectonic activity, under a high pH and neutral eH environment. The 
ores have a restricted stratigraphic environnent, which in the case of 
tha aottthara Ukralna waa an aveuata band roi^hly aaat-waat 20 ka wlda» 
and Intarruptad by arosion* 

lha aolubla nanganaae was deposltad in the ailta of sarins gulfs 

eroded into the stable basesant (whence the finger-shapes pointing 
south) in the subllttoral zone, where the depth of the sea did not 
exceed 20 m during the oxide deposition. In the carbonate zone, the 
depth of sea did not exceed 10 to 20 «• lha rather apeelal 
physic o-chemlco conditions and the narrow hypsometric zonatlon are 
favorable conditions that may not have been general in the world, or 
In othar gaologleal parioda. lha apaelal eondltlona raaultad in tha 
separation of iron and its deposition away from the manganese, making 
for good ratio ore occurrences, albeit of low primary grade. It is 
unlikely that any grade iiueh higher than 2QS la undlseovsrad . 

The Nikopol' formations have been extensively studied by Russian 
authors and the foregoing theories of genesis have been tested by a 
long period of exploration* In the Nikopol' East area, Sapozhnikov 
(1970) stated that all the ore is defined In detail and "only a small 
Increase in reserves may result from detailed mapping." Development 
has been intensive. In tha Hlkopol* area altogathar, there are over 
1000 holaa, plua tha nwaroua ai^oaursa by undarground warklnga and 
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shafts, so that ore quantities are known with a high degree of 
reliability. For exaaple, on Rlkopol* Bast (Grushovsko-laMmki), 
developnent has been by a regular grid of about 250 holes or 20 holes 
for 7 linear km, i.e., about 3 times as intensive as South African 
raeomiaisaance • 

Within the limits of the Nikopol' producing area, Baranova et al* 
(1963) state that the reaainlng work is to define ore quality with 
iiove Ci reserves and to define tlie coadltloos of sedlnantatlon. In 
Bol'she Tokmak, the aim of continuing work was to identify 
higher-grade ores. Detailed geological investigations were completed 
In 1958. Bol*8lie Ibkmak was opened during World War II and explored 
in detail in 1952 to 1955. Outside the producing areas, the following 
facts nust be weighted In considering whether there is any additional 
potential. Feodos'ev found the inguiets (most western occurrence) 
River outcrop in 1874, but no significant ore haa been added at that 
locality. In 1883, Domger found a manganese outcrop on the Famioa 
Balka, a left tributary of the Solenaya, but it was mined out and 
there is no significant nining developoent In tkLa loeallty. Ihe 
Bol'she Tokmak was discovered fortuitously when manganese was found In 
a water well in this easternmost area. Thus, the general extension 
baa been deliwlted fortultouely over 65 years* In 19A7 to 1949, 
scientific investigation largely replaced happenstance and manganese 
carbonate was discovered 30 km north of Bol'she Tokmak, in a borehole 
at Seherbakl. Drilling enlarged the deposits on tbe basis of a 1949 
prediction map. Hoifever, drilling did not hit any one in 56 holes 
north and south of the Nikopol' area. 

Because of the geostic type and the shallowness, prospecting is 
easy, but it can be assumed that the prospects for additional reserves 
are not great. The circumstantial evidence of diminishing reserves is 
found in Saposhnikov' s 1973 statement that the problem "of the gradual 
decrease in the reserves of rich oxide ores is becoming acute in 
deposits irtiich have been worked for a long time." Thus, there is no 
objective, geological svidenca that rsssrvss or rssoureas will be 
greatly extended. 



A.6.2.6 Rasarve Analyais 

Varentsov (1964) states that contained manganese in the 
>ikopol*-typa fonsation (glaueonitie silts and clays of lower 
Ollgocene) of the southern Ukraine, including Nikopol' and Bol'she 
Tokmak, is 901 of 806 million m.t. contained manganese, which equals 
725 ■illion B.t. of nanganeae. Ibis includes resources and uoinable 
■aterial. 

Antropov*o (1958) inventory of USSR manganeae ore givea 983.9 

million m.t. of oxide and carbonate ore in the Nikopol* basin in the 
A-»-B+C]^ categories, fioyarskly'a (1975) corresponding Jan. 1, 1971 
figure is 985.1, which is reaaonably consistent because some minor ore 
una added to reserves as they were withdrawn. About 50Z of the 
reasining ore, in modern descriptions, is characterised ae oxide 
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ore, to which an average crude grade of 26Z may be assigned. The 
earhonate and aixad oslda-earbonate ovaa piohahly grade around 17 to 

18Z manganese. After deduction of production from 1958 to 1978 (210 
ailllon a.t.)» Nikopol' should contain about 774 nillion m.t. of crude 
ore grading 22Z ■anganaaa or 170 idllioa ••t. contained manganese. 
Deduction should he made of an uncaeovnrahle 18 ailllon m.t. of 
contained manganese in the underground ore» thus leaving 152 million 
m*t* contained recoverable manganese. 

Yarovoy et al. (197 7) state that the open cast mineable Nikopol* 
ore is about bOX, of all minable ore. Using the Ordshonikldze and 
Manganese GOK open-pit, cmda ore resarvms as 407 million m.t. in 
1975, the remaining total ore would be about 688 million, of which 
about 280 ailllon are to be alned underground. Considering ore mined 
amraally since 1975 at» say, 11.3 million m.t. open-pit and 3.1 
Billion underground, present reserves would be about 37 5 million of 
open-pit ore at lOOK recoverable and 280 million underground, of which 
mayha 75X is recovarabla. This yields a total crude raeovatahla of 
585 nillion m.t. grading about 20Z manganese (the avaragm of 
Grushavo-Basanskl) , I.e., 128 million m.t* contained manganese, befora 
maahar losses. The difference between this figure and that of 
Aatropoy la about 2CK. 

It is concluded that Nikopol's 1979 economic, minable ore reserve 
la about 585 million m.t. , grading 22Z manganesa and containing a 
recoverable 128 million m.t. manganese before washer losses. Based on 
manganese recovered in products versus crude ore production to washer, 
tha wasbar losses arm about 20 to 25X. Thua, centainsd manganaaa 
recoverable would be about 103 million m.t. This ore is about 
two-thirds measured (A+B) and one-third indicated (Cj^). The 
projected Uvea of the Nikopol* open pits awraga 31 yaara. Ihera is 
a yery minor amount of Inferred ore, C2, neglaetad in tha fotagoing 
analysis, because of its relative insignificance. It amounts to 6.8 
million tons included In the "reserve balance." If It contains an 
avaraga 22X maoganasa, it vaptasanta poaaihly 0.75 million tons of 
recovarabla manganasa at an overall yield of SOK. 



A.6.2.7 Baaourcaa 



In tba Nikopol' mining areas thara are no raaoureaa aiaca all 
material is taken. 

The measured reserves of Nikopol' and tha resources of Bol'she 
Tokoak, as given in various Soviet rtfaranees, Antropov (1958) and 

Boyarskiy (1975), together represent about 530 million m.t. of 
contained manganese before any recovery factors. This Is about 200 
million m.t. less than Varentaov*a (1964) eggregate figure. 

Consequently, It must be presumed that elsewhere either thin, 
discontinuous, or otherwise uneconomic material exists, containing 200 
million ^.t. of manganaaa. It is believed thia must be a aubaconemic 
resourca* probably lass than half recoverable. 
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A.6.2.8 Bo 1' she Tokmak 

The ore of Bol'she Tokmak^ the sister deposit to Nikopol' oa tim 
east side of the Dnlepler, Is 20Z lower grade than Nikopol' (average 
18*53Z naqganese) and contain 90Z carbonate ore and only lOZ oxide 
ore; Hlkopol* contains SOZ oxide or« and thus gives a better 
average-grade product. Although Bol'she Tokmak Is listed as eeonoBle 
ore and thus in the "reserve balance/' by western standards, 
considering tfie high strip ratio and difficult concentration, it would 
be marginally econoaic. If all production had to cone from Bol'she 
Tokaak when Nikopol* is exhausted, the average concentrate grade would 
be nearer 31.0X aanganese than the present 4€K» 

Antropov (1958) listed Bol'she Tokmak reserves as of 1958 In 
AfBfCi at 611 oillion a.t. crude, whereas the corresponding 1 
January 1974 figure of Boyarskiy (1975) is 1.109 billion n.t. without 
any grade specified. Assuming the same ratio of open-pit to 
underground as at Nikopol', the recoverable crude ore reserves at 
Bol'she Tbkask would be about 990 aillion a.t* with 183 villion a.t. 
of aanganese before washer and other losses, or 146 million m.t. 
recoverable aaoganeae. It should be noted, however, that only 13*5Z 
is ArHI, and the balance is indicated. Boyarskly*s C2 is 307 
million m.t. and, assuming the same relationships, would yield 51 
aillion a.t. manganese before wsshsr and othsr losses, or 40 Billion 
■•t* recoverable manganese* 



A. 6.3 Tchiatura 

The Tchiatura manganese ore region, on both sides of the Kvirila 
River, in the Georgian SSR, Is the oldest significant manganese 
Ota-producing region in the world. The area is about 180 ka by rail 
east of Poti or 170 km east of Batum, both Black Sea ports. Rail 
loading stations are Darkveti and Tchiatura. Deposits are in the 
Ibhiatura and Sachkherst adainistrative districts on the south slope 
of the Rachinsk Mountains. Elevations of the upland an 400 to 800 • 
and local relief is 250 a. The nearly horizontal manganese 
ore-bearing layers are overlain by a cover of 20 m in the southwest, 
increasing to 70 to 80 m In the northeast. The south-lMest flowing 
Kvlrlla River divides the principal aanganese occurrences Into a 

northwestern group (which from west to east Includes: Rganl, Kveda 
Igani, Bunikauri, Zeda Rgani, TSbagraUL, Hgvinevi, Dsrkaveti and 
Sarekl) and a southeastern group (which from west to east Includes: 
Ferevlsl, Shukrutl, Merevl, Itkhvlsl and Pasletl). These occur in an 
area approximately 12 ka east-west and 11 km north-*south, and can be 
shown diagrsanatically as follows: 
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A.6.3.1 Generml mod Hl»torr 

Useovend fortidtously In 1846 by outexop of tiM maagmammtt teda 

above the Kvlrlla Valley, production started In 1879 (1,000 n.t.). Up 
to 1900, aany individual* snail adit operations contributed 
•Ignif leant tonnaga and aueh good ore una thrown away. Frea 1900 to 
1923, Tchiatura contributed from 20 to 40Z of vorld production. In 
1913, production was already 1,066,600 n.t., nostly hand-mined. It 
fell drastically during the short-lived Republic of Georgia, Caucasus 
to 2S»S20 ■•t. in 1921 and rose again to about 500,000 n.t* In 1924« 
After incorporation into the Soviet Union, the domestic owners were 
nationalized innedlately, but the foreign owners were not* From 1923 
to 1928 the govemDMOt leaaed the ainee to the A. Barrlaan group, with 
the understanding that the narrow-gange railway ayatea wee to he 
upgraded* 

All early development was by adits, which reached 340 in 136 
localities on the bed* The number of companies raqged from 7 to 260* 
la 1923 there were already 31 waehing plants, with an aggregate 
capacity of 810,000 m*t* Waahing yield in 1924 mu 60 to 65Z. No. 1 
high-grade ore assayed 54.9X Mn, 1.3Z Fe and No. 2 assayed 30Z Ma and 
l.OX Fe, both with about 3«3Z SIO2 and 0.19Z P. Molature was 8Z. 
Oooaldanahla ante rial that would now be eenaldered low-grade or 
reaoureea waa wasted. 
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Tchiatura has been completely explored and la now la decline. Ore 
conaervatlon neaaurea include aeeondacy racovery, l*e», aalTagiog ore 

from early workings (see below); experimental recovery of low-gra4e 
nanganeae from slimes; and optimizatioa of mining* 



A.6.3.2 Production and Chemistry 

About 7<5 ■llUon m.t* of crude ore annually, mined mainly from 
underground operations, produce about 2.5 million tons of concentrate, 
of which about two-thirds contain 48. 7Z manganese and one-third about 
23* 6X ■anganeae. Hie highar-grada oima are mainly oslde. the lower 
■alaly carbonate which doea not reapood to mechanical benefldatlon 
with any practical ease. 

The concentration plants produce Grade 1 (48Z Mn) and Grade IV 
(carbonate at about 25Z Mn), and also dioxide Type 1 at 89Z Mn02 and 
Type II at not leaa than 84X Hn02* This dioxide is used as a 
better-grade raw material for activated pyrolusite and oxidizing 
purposes. Some is exported. It is believed about 20X of Tchiatura 
good product is exported to countries with centrally planned 
aeonomies. Washed Ore Grade I is used for fertO' and sillcomanganeaa 
manufacture. Type IV is used for blast furnace additions to the hot 
metal, and 4QK can be blended in the ferromanganese burden. 
PhoaphoruB la generally 0.I7X In produeta, which la rather high 
compared to ores in western commerce, lllustrativm chemlatry of aome 
ores may be found in Table A-14 (Avaliani, 1958). 



A.6.3.3 Mining 

Ore layers dip 10 to 12** and are mainly mined underground by 
pillar and room off long-drlvee in from the flanks of highlands. 
Aggregate ore thickness is 2 to 3 m, in individual beds of 0.2 to 1 
n* Ihera are up to 25 ora-haarlng layara, but mora commonly 3 to 18, 
and thaae are Interlayered with sands and clays to a maximum of 1 m, 
but mora commonly 0.3 n. The lotrer layers have the most commercial 
algnlflcaaea. Boof la Maikop claya; floor and aublayera arm quarts 
aands and aandatona* 

Northeastward, I.e., toward Darkvatl, Sarakl, and Pasleti, the 

thickness of ore beds decreases, the oxide ores are gradually replaced 
by carbonates, and the thickness of interlayers Increases. Overburden 
Increases from 20 m to 70-80 m. The ore distribution map shows that 
the better grade (-*-2SZ manganese) occurs in the weatern highlanda auch 
as Shukrutl, Mgvlmevl, Perevlsi, Rgani, etc. This area has been 
preferentially mined. The eastern highlands, Itkhvisi, Darkveti* 
Bsalati, and garekl, have only from 10 to 20X manganaaa and, 
considering the underground mining, might be just as easily considered 
protore, i.e., resource rather than ore. The fact that secondary 
racovery la In progreaa in the wmatam highlanda (Bgaal, Zoda Rgaal, 



Copyrighted malBrial 



145 



o 



8? 



CO 

3 



o 

o 
oa 

P- 



o 

6 



fH 



CM 

O 

•H 
CO 



CO 



4> 



• 

• 


.H 


IX, 


fx. 


fx 




• 


• 

m 


a 


• 


• 


• 

ft 


• 

rx, 


• 
0 


• 
d 


• 


8 

• 


• 


• 


• 


• 






o 


CM 


• 

0 


t 

0 


• 

0 


• 

0 


• 

o 


• 



CM 



m 



e 



* 

e 



o 
* 



|x. 



« 
4-1 

« O 

C -H 

B -H 

« tH 

« e 



0 



O 



e 



0 



i i! 
1 I 



8o» rx 



rx. ,-1 



o 



0 



O 



o 



<0 
0 



3 8 



•? s? a 



IT 

I 

o 



I 



o 

00 

« 

o 



I 

e 



»« o 



N iO 



00 



a. 



o 



o 



o 



CM 

cs 



c 



0 

o 



e 


*4 




(M 




CM 


C4 








in 


in 




CM 


• 


• 


• 


• 


• 


• 


• 


fx 








m 




CM 






CM 




•« 




CM 



N ifi CJ 00 4 
•HMO ^ 

5 3 8 ^ 



U o 

V 2: 

a >4-< CD 

OO CJ T< 01 

« c 

( 0 «4 



si: 

4J t 



21! 

> « 

0 •« 



o o 
a a 



O 0 



I 



I 



« 

CI 



Copyrighted material 



146 



Sh«kruti, P«revlal» Itkhvlel, and KgvlBevi) auggMts that salvaging 
this higher oxide ore Is Still nor* attraetivs than opsnlttg naw alnas 

in carbonate to the east* 

Old mlnad and filled aiena ave redrillad for assessnent. The 

cutoff for secondary recovery la a minimum of 0.8 m and more than ISZ 
MQganese. Average thickness in actively-nined secondary recovery 
aveaa is 1.56 to 3.25 and ■angsossa vangss fron 23.5 to 41.6X. Tha 
grade In newly worked avsas is significantly lower, i.e.* 23 to 29 .ME 
nanganese* 

Area to be robbed Is divided into panels of 200 ■ by 25 to 30 n, 
with crosscuts between ventilation drives. Pillars are robbed by 
drifts 3 to 4 m wide and 15 to 17 m long. Drift height corresponds to 
ore thickness. Ore is broken with Jaekhanaers, as a rule, and there 
ia some hand -sorting when loading cars. Roof support is wood prop 
With partial organ-pipe support set at 0.3 to 0.5 n. Where roof 
caving sost he induced, it ie affected with Jacka. 

In 1974 one ton of production from secondary recovery cost 50Z 
nore than conventional prinary recovery. However, because of better 

ore quality in old workings, one ton of concentrste costs only 25Z 
■ore than new ore; this Justifies the secondary recovery. Of this 
total production, 67% ia underground of which more than 30Z is now 
secondary. KAlandsdse et al. (1977) atate that "technieo^econonic 
trials of secondary recovery show a substantial influence on the 
economy of the combine and the task cannot be postponed." 

^R> nodea of recovery d^>end on the ore type. 

(1) In the oxide or the oxidised ore only, breaking with a 

jackhanmer is easy, especially when the ore has deteriorsted 
ao that the pillars can be preferentially crushed. Ihese 
eress were worked f ro« 1936 to 1940 and old propa are rsre. 
Workings are cut in places by roof falls and "shgali." Ihey 
are alned by s cutter combine on treada end by s pneunstic 
banner. 

(2) Poorly oxidized ore and carbonate ore, with significant 
included rocks, generally have old props. Because of the 
collapse of prinary workings, the ore braaks down into 
oversize. It is mined by blast-hole drilling and loading 
machines. Shift advance is 2 m. The aforementioned review 
statea that worker productivity ia up SOX and cost down 91. 
Mechanical loading and combine breakage were tested at Akhali 
and Itkhvlsi. Reduced labor lowered nlnlng coat 30Z to 1.5 
rubles per m.t. in 1977. 
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A. 6.3.4 B«tt«flci>tloa 

Multiple ore types have different respooses to benef Idation. In 
the local ternlnology, tbtM »f followi: 

1. Disseminated, hard, oolitic ore: 1 to 20 mm in dianeter, 
eoAtelning pslloMlane, pyrolueite* and awoganlte. 

2. Brown belta: earthy, oxidized manganlte, contains considerable 
■olsture; clay-like, generally fine oolitei 1 to 1.5 nn cemented 
br opelo-sandy metmrlml. 

3. Black, belta: developed above brotm belta in near-aurface 
eonditlooB; soft, eooty, MMidgy. dlgltmtod, osldlMd aaagmnito aad 
pyrolusite. Contains 1ms noistucs end loss psroxlds than brown 

belta. 

4. Flsstt hard, massive ore containing pyrolusita and psilomslana. 

5. Satshrilit similar to disssalnstad oolitic, hat anelosas angular 
piaess of hard ore ("plast"). 

6. Zhgalii variety of disseminated oolitic, with tougher cement, but 
can be broken with a Jaekhammer; is amenabla to banaficiation* 
Contains 0.1 to 1 mm pyrolusita, psllomalsns, snd raaeiaita. 

7. Mtsvari: hard, ealcitiiad ora, with soma hydrothormsl sdjonets; 
contains pyrolusits, psilo m slsns, and raaeiaita (ealeian 

psiloaelane). 

8. Oixbonata oret either massive or porous; containing 
manganocalcite , calcium rhodochrosite, calcite, opal, pyrlte, and 
marcasite (which contribute sulfur); 39% of the reserve balance. 

The first seven types are primary oxide ore with up to SOX 
Nn02. However, much of the oxide ore is soft (belta) and goes to 
slimes in beneficiation. Collectively, these ore types account for 
47% of the reserve balance. Easily benef iclatable ores, called 
washable, are granular plaat, satahrili, and zhgali among the oxlda 
ores and comprise about half of reserves. 

Ores that are difficult to benefidate are used raw, such as 
carbonate ore, mtsveri, belts, and mangsnase-baaring sands. The last 
resulted from infiltration of leached masgaaasm with Opal, especially 
in the eastern part of the deposit, and manganasa raraly reaches 

Ihara ia also oxidisad-^arbooata ore, representing 18X of total 
reserves, developed by weathering of the manganese formations, mainly 
vernadite, psilOMlane, and rancleite, with manganese in the 30 to 3SK 
ranga* It doaa not respond to mschanical banaficiation, and axtamsiva 
tests to use it in the raw state show application on a 1:1 ratio basis 
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with Grade I OKld«, to make standard ferroaangaiMaa or 
slllcomanganeae, or to use in blast furnaca additions. Some 
llluatratlva analjrses of oras and products are shown in Tahle A-14. 

Beneficlation steps include screening, vet grinding, washing, 

classifying, and flotation. Recently, as a conservation aeasure, 
there has been considerable work on recovery of aanganese froa 
sillies* Of sllne ore per year, 25 to 30Z or 1.3 ad^lllon n.t* follow 
the clay fraction in processing and average 8 to 12X nanganess* Of 
this, 910,000 B.t. cone fron the central washer. 

By flotation there is the possibility of separating aanganese froa 

the clay to give an off-grade concentrate with 15 to 20% aanganese. 
Ordinarily, washer losses are 45 to 302 o£ the netal. Froth flotation 
of the sand fraction recovers 35 to 40X of the aengenese In that 
fraction. Flocculatlon tests gave a discharge of 4 to 8 kg per m.t* 
of sllaee. Manganese recovery in the plus 0.02 Mm was 43 to 332. 
R>lygradlent aegnetle separation gave up to 70X aanganese recovery In 
the 0.04 to 0.05 ym fraction. Magnetic flotation was very effective 
on the below 0.003 fraction and gave overflow solids with 3 to 12Z 
asnganese. The elaborate tests concluded that it was possible to 
eggloaerate the clay fraction in a magnetic field and float the 
aggregate at the moment of formation of the aggregates. This wee 
considered to have acre future application than flotation alone. 

The extraordinarily extensive efforts for recovery of rather 
modest amounts of the various fractions indicate the concern for 
conservation* Hoasvar, the resulting products are extreasly low grade 
(8 to lOK aanganese) and would be a resource elsewhere. 

A.6.3.5 Isserves 



The reaerks on Nikopol* ore character and persistence also apply 
to Tchiatura, which Is geologically similar except for the complexity 
of its ore beds. The ore beds had already been developed by 340 adits 
at 136 localities as early as the 1920*8. Under the Socialist 
govemnent, geology was napped by letekhtln In 1936, and there was a 
drill campaign in 1940 on the peripheral parts of the deposits. All 
early observation was directed to the oxide ore, but the Georgian 
Geological Adainiatratlon stsrted investlgetlng cerbonate ore aa to 
structure, quality, and reserves In 1934. Further drill-hole 
development has occurred by the drilling necessary to aeaess old mined 
areas for eiacondery recovery. Boyarskiy (1975) shows an Increase in 
reserves ftom 1968 to 1971 of froa about 150 million to 217 million 
m.t. crude ore. The oxide ore peters out In the northeast and gives 
way to carbonate. The ore-bearing formation is folded up and eroded 
out to the north and feulted out to the south. By 1950 to 1953 the 
"economic ore" had been contoured by 120 km of underground drives, 
trenches, openings, and 600 boreholes. It is concluded that the 
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possibilities for significant additions to the Tchiatura basin are 
v«ry ll«lt«d. Emlnatlon of Che rest of Georgia hee diecloeed 
nueerous small shovings and deposits, but In egggegef they have not 
added 3Z to the Ichlature baeln reserves* 

A«6*3»6 leserve Analyels 

Three reserve estimates made in 1924 (Zeretell, 1925), presumably 
oriented toward aaaessnont of high-grade oxide ore, ware conaiatant 
within 23X. Thay am liatad below. 

1. Kotsovski! 7 hillien poods,* i.e., 112 aillion a.t., with 
about 38 million tons of contained aanganaaa. (*Food ■ 36.11 

pounds. ) 

2* By local engineer: 14 billion poods, which after washing 
(recovery 53. 5Z) would yield 125 million n.t. , about 65 
■illion n.t. of contained manganese. 

3. By Dekonoslshvili : 13.4 billion poods in place, which, after 
allowing for ore already mined and for recovery, would yield 
146 Billion m,t* or about 75 nlllion a.t* of contained 
aanganaaa. 

Varentaov (1964) gave Tehlatura'a contained aanganeae content aa 
54 ■llllon m.t. This Included preeunably all the manganese known at 
that tiae, whether mined out or resource materiel. However, it could 
not have included the 1968 to 1971 addltlona that, on the baaia of a 
weighted average crude ore grade of 24. 5Z aanganaaa, would raiaa the 
contained manganese to 70 million ra.t. It is noteworthy how 
concordant are the foregoing total manganese content estimates. 

The assessment as of 1 January 1980 assumes that while weighted 
average grade is 24. 5Z manganese, current average mining grade 
(carbonate and oxide) ia about 30K aanganeae. This results in a 
calculated process recovery of about 47Z, which does not appear unduly 
pessimistic in view of Barskli et al. (1977) data that Intiaate eaaher 
losses ordinarily are 43 to 30Z. 

Boyarskly (197 5) gives 1 January 1971 Tchiatura reserves as 218 
million m.t. which after deduction of 1971 to 1979 production, 
estimated at 63 aillion, leaves 155 million m.t. crude ore (containing 
38 million m.t. manganese). Assuming 75Z underground mining at 70Z 
recovery and 23Z open'-pit at lOOZ recovery, recoverable reserves as of 
1 January 1980 would be about 120 aillion a.t. crude ore, or ebout 15 
years' life at the recent rate of crude ore production. The contained 

manganese would be 29 million m.t. and after process losses, about 
14.7 aillion a.t. aanganaaa racovarabla* 
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Ihe C2 ore was 13 mlllloa B.t> which presuubly would grade no 
higher than the vean of 24. 5X manganeM and possibly less. On the 
same bases, this would be equivalent to 10.5 ■illion extractable tons 
containing 2.5 oillion tons of manganese, or about 1.25 mlllloa 
Additional recoverable tons of manganese after process losses. 

It is conlcuded that Tchlatura has remaining In place reserves, of 
all categories, totalling 168 aillion tons, of which 130.5 Billion are 
extractable tons, good for ahout 17 years. Ihay contain abont 31.5 
million tons ungsiMsey of which about 16 nilllon ^.t. tfould be 
recovered. 



A.6.3.7 Tchlatura Resoorces 

As nentloned under beneficiation» if industrial recovery of 

manganese from slimes were fully applied, about 130,000 m.t. of 
contained manganese in the alines night yield 30,000 n.t. annually of 
off-grade concentrate gredlng 15 to 20X manganese. This resource 
might add another 1 million m.t. of contained recoverable manganese 
until mine exhaustion. In view of the complexity of separation steps, 
the cost miBt be considered high and this would be a subeconomic 
resource. 



A.6.4 Wihopol* Manganese Ore Basin 
A. 6. 4.1 Ingulets 

Manganese oxide concretionary ore in a host rock of clayey, silty 
carbonate, lies unconfomably on lower Kharkov sands, west of the 
Ingulets River. The deposits are similar geographically to the main 
Nikopol' Basin and have a slight southerly dip. The area has been 
eroded, exposing pre-Canbrian crystalline rocks; the 10 snail 
deposits are considered erosional remnants. The area has been known 
since 1874 and was described in 1961 by Shnyukov as having some 
practical significance. The largest orebody is 1,650 m x 800 m wide. 
Others are several hundred meters wide or long. Maximum ore thickness 
is 3.9 ■ but the connon range is 0.5 to 1.5 

Ore ia 50Z concretionary, 5 to 10 cm in diameter, with a manganese 
renge from 10.4 to 35.26Z. More typicel everagea for 9 small deposits 
are 14 to 261. Phosphorus is high at 0.2 to 0.3Z. Iron is less than 
IZ. Although the deposits are oxide ore, the size suggests that they 
have no preaent, practical aignif icance, but repreaent a resource of 
about 2 million tons of 20K nsnganeee. Bowever, Baranova et al. 
(1963) suggest it is worth paying attention to the Interfluvlal region 
Ingulets-Bazavluk. 
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A»6«S Krlvol R 11 ^, Inm Ore Baatn 

This area Is west of Shlrokoe Village, about 5 to 10 km south of 
iQguleta. Although Iron ore was first described In 1781, axul later 
■Imd f toa 1946 to 1959, •icplor«tleii for manganese ««■ not done until 
much later. Therefore, the erroneous opinion subsisted that accessory 
manganese was unecononlc and had lov potential. However, when the 
iron or« was opened up In tho 0o«tliorn pit, Skelevtka, an area of 
About 1 kar was recognized as haying manganese ores with overall 
reserves of several million tons. While drilling the llmonlte of 
southern Skelevtka, 22,000 tons of manganlferous ore with 22Z 
■■nganeso were Idontlfled. The unenrlched ore uao suecennfuUy used 
in a blast furnace addition and tbua oteainad some "positive 
Industrial evaluation." 

Two types of manganese occurrence are described. Ona is in tha 
vicinity of the southern Skelevtka open pit. It la a 
•anganese-bearing layar, gaologieally sinilar to Nikopol* , and 
underlain by greenish Upper Eocene clays and yellow iron ores. It iS 
overlain by the apple-green Oligocene clays (Kharkov belt) and 
Samatian aarla. Itenganasa rangaa frea 8 to 33X. Ihara Is oolitic 
pyroluslte up to 20 mm and friable and porous manganlte. Some ore is 
concretionary, up to 350 mm In diameter. The ratio of ore to clayey 
natter is 1:1 to 1:2. The layer ranges froa 0.5 to 4 m thick and the 
nanganlta part up to 1 lha ora is Bsinly osida, without notahla 
carbonata, but alao eontaina psiloaalana* 

lha NI6RI (Sciantific lasaareh Inatituta of Gaological Survay) 

Krivbass laboratory, in 1956, easily upgraded the above material with 
no crushing, by washing, screening, and classifying, to a concantrata 
grada of 40 to 44X manganasa. tfith haavy aadiuB and flotation thay 
obtainad 49 to SOX nanganaaa. 

lha sacond type is othar ttn-baaring ora lenses which st catch 
longitudinally, alnoat R-S, on both aidaa of tha Lifchnanov ccaat of 

ancient crystalline schists. Ihese areas aggregate about 8.4 km^ 
and were they 2 m thick, the potential could be around 30 million tons 
of 20X Mn. Matarov, writing in 1961, notad tha eonsidarabla avsal 
development and considered these prospects exploitable in tha naar 
future because: they are near a branch of the Stalin railway 
(Vikolo-Kosal*sk Station), with axistiag infrastructura and dapth is 
only 12 to 35 a, thus panitting opan pit oparations. 

In tha absence of furthar infomation tha Krivoi Rog Mn 
occurrences are considavad a raaourca, but quantifiad with a SOX 
chance of error* 
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A.6.6 Other Reacrves and Resourcee In Tables 3-7 and 3-8 

For the other alnor reserves and resources In the USSR the 
aggregate nunbera in Tables 3-7 and 3-8 were obtained In part by using 
Boyarakiy's (1975) Table of Reserve Balance for manganese ore in the 
USSR (p. 34). A-fB were considered measured reserves, and C]^inf erred 
reserves, obtained by subtraction of A+B from the A+B^-Cj^ given by 

Boyarskly. Boyarakly gave no grade, but these were derived and 
averaged from other descriptions in the references (see else the 

Synoptic Tables). Although C2 material Is Included by Boyarskly 

under reserves as concerns the Far East (Khabarovsk) and Karaganda 
Obleet in Kasakheten, these were eonsideved e hypethetlcel leeomee 
beeeuee of uncertalntiee» emll aise, remoteness, etc* 4 alnlng 
recovery of 65 to 70Z was generally assumed, and a txeetaent cecoipery 

of 80Z for oxide ore and 50Z on carbonate ore. 

The submarglnal resources In Table 3-8 refer to crude ore 
recoverable maoganeae of some of the more significant occurreocea in 
the synoptie Table A-IS. The derlintioii folleve (aodlfled efter 
Boyersfcly. 1975) t 
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A.7 VKXWMU 

Yugoslavia, which Imports about 75Z of Its manganese requirement*, 
has had domescic productloa since 1870. Output has averaged about 
8,000 tons of ove and coneentrates annually, with tlM hlghast output 
of over 30,000 tons In 1918. In recent yaars «nMial production baa 
fluctuated betveen 8,000 and 16,000 tona. 

Hie grade of material produced haa boon In the range of 30 to 38X 
■anganose with high silica and iron content, which indicates that it 
generally is not of metallurgical specification. In the early years 
of mining, ooao Mali, high-grade ore bodies were worked, but in 
recent yeara aoat ore produced baa bean low-^rade nilllng ore* 

Little detailed infozaetion about tbe total known resources is 

available, but according to the Mining Journal (November 14, 1975) 

there could be at least 30 million tons. Without much doubt, this 
reaouree in spread out ovar a great naber of aaell to aediua, 
low-grade depoaita* 

The great majority of manganese deposits are found in 
eugeosynclinal volcano-sedimentary series that evolved during 
different geologic periods and in different areas. Some are Paleozoic 
and a few are considered to be of Cretaceous-Faleogene age, but aost 
were fonsed during Ttiaeeie and Jureaaie tlaea* Manganeee appeera to 
be omnipresent in these formations and occurs In many places In more 
concentrated fora. The prinary deposits, often associated with iron, 
occur aa layera, lenaea, and pockete, aainly in chert or Jaeper. Soae 
ore occurs in shales or sandstones intercalated in the series, or in 
overlying liaeatones. The manganeaa, along with much silica and Iron, 
was deposited aa a chemical precipitate, more or less mixed with 
detrital aedinenta, apparently under ahallow, near-shore eea 
conditions. Submarine volcanlcs are thought to be the source of the 
manganese, silica, iron, and certain accompanying minor metals. 

As part of the geosynclinal series tbeee volcanogene-sediaantery 
(exhalative) fomations have been subjected to strong orogenie 
defonation and regional netanorphisu. Later supergene alteration and 

enrichment, generally of rather limited importance, have resulted in 
the development of sone snail, high-grade deposits up to a few 
thouaand tons each. 

In addition to the volcanogene deposits, which are the most 
abundant type, there are a number of hydrothermal deposits where the 
manganese occurs as carbonate in association with lead, zinc, and 
ailver mineralization. The grade usually runs 5 to 15% manganese In 
the primary ore, but may be 30X or more in the supergene oxidized zone. 

A. 7.1 Bosnl a-Her zego vina 

This republic contains over 250 occurrences of manganese, mostly 
aaaociated with the Mesosoic volcanogene-aediaentary aeriea. Moat of 
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tboi occur in th« northern half of the republic in a large area north 
of SaraJ«vo» covering an area of about 600 kn^. The aanganeee 

occurs In one stratigraphlc zone as layers, lentlclea, and pods, fron 
a fraction of a millimeter to about one meter thick. Moat of it is in 
eloac aaaoelation with chert, although eooe la found in argillaeeoua 
schists and limestone. In some places alternating layers of ore and 
barren rock form a mineralized zone up to 3 m thick, but the total 
thlcknees of the aanganeee layers may be only about 80 ca» Because of 
strong defoimatlon, the beds have variable dipa, often eo eteep that 
they can seldom be worked by open-pit. The principal manganese 
mineral is braunite, deposited as a primary mineral, accompanied by 
■■aller aaounts of different nanganeee oxides end heaetite* 

Most of the deposits are low-grade and highly siliceous. The 
individual ore bodies appear to be aaall, probably being aeaaured et 
most In a few hundreds of meters. They have only locally been 
enriched by eupergene weathering to cryptonelane and pyroluaite that 
may contain 30 to 35Z manganese and 10 to 20Z Si02* 

The Cevljanovicl deposit in this area appears to be one of the 
most Important producers of manganese in Yugoslavia, having been 
vorfced since 1885. The most Intensive exploitetlon took place dorli^ 
the period 191A to 1918, when annual output was on the order of 20,000 
to 30,000 m.t. During 1948 to 1956 the annual output varied between 
3,2G0 nnd 4,000 m.t. end thia may still be the level of the preeent 
production. Total output to the present can be estimated at almost 
500,000 m.t. The layers and lenses of ore are between 0.3 and 2 a 
thick. The manBSMse Is associated with much chert and locally with 
some barite, galena, and other sulfides. The washed and concentrated 
asterial was reported in 1960 to contain 33 to 3SZ tin, 7 to lOZ Fe, 
mtii 20Z S102. 

In the northwestern extremity of Bosnia near Karlovac, numerous 
occurrences and deposits have been reported. In 1969 it was reported 
that several million tone of reaerve still existed. At thet time the 
facilities for producing concentrates Included a new beneflclatlon 
plant with a capacity to handle some 30,000 m.t. of raw ore per year. 
Other occurrencee of manganese are known in northern and eastern 
Bosnia. They are mainly small volcanogene-sedimentary deposits of 
little economic importance. The manganese is always aasociated with 
iron and several <»ccurrences are indeed iron deposits with low 
aanganose values. 

Southwest of Sarajevo there is a 30 km belt that again containa 
many volcanogene-sedlmentery deposits. The bedded ore bodies, whieh 

grade from essentially manganese-oxides to iron-oxides, are 100 to 500 

m long and up to 14 m thick. They are similar to those in eastern 
Boenle end epperently of little economle importance for manganese, 

most occurrences being mainly Iron ore. A few occurrences of 40% 
manganese have been reported, for Instance at Brzolin and Cmivrh, but 
the known tonnages appear to be quite reetricted. 
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A»7«2 Hacedonla 

In the Republic of Macedonia, In the extreme southern part of 
Yugoslavia, there are a number of naoganeae occurrences that conprise 
the Car depoalt near Kleevo. Data avallaU* Indleate tliat during 1948 
to 1956 production fluctuated between 4,800 and 9,200 n.t., 
representing 51. 6Z and 692 of the total annual production of oianganese 
ora In Togoalavla. Ifaua. tba Oar dapoalt «aa, at least during thia 
period, tlie aost iaportant flunganaae nine in the country* 

Manganese occure at the contact between the quartsltea and the 
overlying Mrblet which appears to be stratigxnphically above the 
local volcanogene sediments. It forms Interconnected lenses of 
varying dimensions that conatltute an Irregular ore body. The ore was 
■ined in three aain underground levele with grade reported ae 35X Ma, 
137 Fe, and lOZ 8102* In 1960 the sine wna eonaidered an alaoat 
depleted. 

Southwest of Klcevo there Is a complex zone of several manganese 
deposits in the general area of the Blstra Mountains. Four typical 
depoeite, none of which la known to he in operetion at praaent, axe 
shown in IStble A-16. 



TABLE A-16. IUM6A1IBSB DEPOSITS NEUL TEE BI8TBA MODETAIES (TU60BLAVIA) 



Name 


TonnageCm. t. ) 


Hn(Z) 


Fe(Z) 


S102(X) 


Utinice 


400,000 


26.61 


5.58 


25.45 


Kkradere 


3,000,000 


22.30 


5.38 


21.29 


Vrabjansko 


1,300,000 


21.09 


5.24 


21.24 


Bahinsrt 


8,000,000 


29.06 


5.51 


22.47 


Wt. Avg. 




26.5 







There are no data available on tests to upgrade this waterial for 

ferromanganese manufacture. For a number of years, the government 
enterprise, Jugometal, has contemplated a new f erromanganeae facility 
In Klcevo using these or similar ores, but it is not known if the 
project has been developed. There are countless other manganese 
occurrences in Serbia, Montenegro, and Dalmatla, but data on hand 
indicate they are all small and very siliceous and ferruginous, 
slailar to those described above. 



Copyrighted matBrial 



172 



It would appear that the 30 million n.t. resource referred to 
above Is Indeed an aggregate of quite a inaber of widespread daportts 

of varying manganese content throughout the entire country, the grada 
of which would remain below 30Z manganese. For purposes of this 
raport, Yugoslavia does net appear to have the potential for 
high-grade export ore of any significance. While there may be a small 
reserve of mineable, high-grade oxide ore. It probably totals no more 
than 1 to 2 nllUon a.t* In separate, well'-seattered deposits, and It 
would be destined for the local market. The 30 million m.t. resource 
of low-grade ore is classified as a subeconoalc resource at 26. 5Z 
■anganese In Table 3-8. 
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AFIICA 



A.8 6AB0H 

Ihe naqgaMM d«p<Milts at Moanda are situated in the extrene 
Mutheaet corner of Gabon to the west-nortfaMest of Francevllle. 
Hoanda is the world's largest siiigle ptedueaT'^azporter of aanganeaa, 
and aetallurglcal- and battery-grade concentrates. Production Is 
Halted to one company, Cle. Mlnlere de I'Ogooue (COMILOG). The 
occurraaea of aafigaaaaa aaa f Irat daserlbad in tha xagion of 
Prancevllle In 1895, with further dl scoveries in 1934 and 1944 to 
1945. Syatautlc exploration was started In 1951 and the Bai^oaba 
Ilataao daposit was btooglit into product ion la 1962 • 



A. 8.1 Production and Chealstry of the Deposits 

Production was slowly built up until it exceeded 2 million n.t. of 
product in 1974. In 1978, OOMILOG shipped a total of 1,694,416 n.t. 
of aanganeae salable product, of iriilch 1,603,057 a.t* eoaaiatad of 
metallurgical grade concentrates at a grade of about 51Z Mn and 91,359 

B. t. of battery grade at a grade of 83 to 85Z Mn02* I^^^iiV 1977, a 
total of 1,859,000 a.t. aaa shipped. 

The Hoanda aetallurglcal product has an average grade of S1.52Z 
Mn, 2.8U Va, 2.01Z SIO^, 5.62X AI2O3, 0.114X P. and 0.14X CaO. 

The battery grade dioxide has an average grade of 83.64Z Mn02, 3*04X 
MnO (Hn total 54.85Z). 1.84Z Fa, 1.06Z Si02. 4.67Z AI2O3, and 
0.08Z P (Weiss, 1977). 

The amount of product that can be shipped annually is rasttietad 
to 2.7 allllon m.t., the carrying capacity of the aerial 
lopaway-rallaay to Mbiada at tba Ooagolaaa border, a dlatanea of 74 
km. At Mbinda, the manganese is transported via railroad to the port 
of FOinte Noire, 560 km away. It Is expected that production will 
iaeraaaa to 4 allllon B>t. per yaav ooea tlia proposed traaa-fiaboa 
railaay froa Saata Clara (25 ka froa Libtavilla) la coaplatad. 

Iha ore Is ained by open--pit aethods, using 600 to 900 a trenches, 
20 a vide with badtf ill of tha waata. The atripping ratio la 1 aatric 

ton of waste to 1 metric ton of crude ore (W.A. Preston, Britiah Stoal 
Corporation, presentation to the committee, August 1979). 

The ore benef iclatlon consists of crushing, screening, and 
druamfashlQg to produce two high-grade products, pliis 6 minus 200 aa 
aad plua 20 aims 125 aa. Iha fiaea laaa than 6 aa are largely wasted 
and some 10 million tons of this material are stored at Moanda. The 
overall recovery ratio la about 55 to 60Z. The crude ore has a grade 
of about 44X manganese. Specially selected ores from the washing and 
screening plant are crushed to 1 mm and concentrated on a series of 
vibrating tables to a final product containiQg 83 to 85Z Mn02» tha 
battery grade concentrate. 
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A.8.2 Or* Parslatence Character 

The manganese deposits are found in five plateaus In an area 
surrounding Moanda. Listed largest to smallest they are Bangonbe, 
Okouma, Bcfoula, MasMiigo and Y«ye. The moat important are the OkouM 
plateau, with a mlnerallsad ana of 13 kvr and ths Bangombe platattu. 
with a mlnerallzad aurfaea ataa of 19 ka^ that ia euriiently being 
exploited. 

The deposits are the result of supergena anrlchinent of Precambrlaa 
Francevllllan sedimenta. The protore la believed to be manganeae 
carbonate, i.e., rhodoehroaite-bearlng carbonaceous black slMlea that 
have grades of 10 to 20X manganese and are at depths of 23 to 32 m in 
two of the drill holes (Leclerc and Weber, 1976). The shale overliea 
an iron fonation, particularly on the Okeuea Plateau. 

The ore zone is comprised of a thin (0.2 to 0.3 m) basal unit of 
massive manganese oxides and hydroxides with accessory secondary 
manganese carbonate (rhodochroaite) . This is overlain by a 3 to 9 • 
unit of plaquettes of similar mineralogy that constitutes the major 
part of the ore zone. Platea of ore are found in an ochrous matrix 
containing aaall fragments of ■ineralisatlon around nldch aaall 
pisolites occasionally have developed. Intercalated with the ore beds 

are argillaceoua, alllceoua, and ferruglnoua baoda. Ihe principal 
■anganese minerals are pyroluaite, aanB«nite, polianlte, nsutlte, 
psllomelane with ramsdellite, hausmannite, and crytomelane. The 
plaquetta unit la overlain, after a thin transitional layer by 5 to 
6 n ef a loose plsolltic layer with abundant alumina and iron-rich 
aaqganiferoua pisolites. This layer, which is not exploited, has s 
mamgsnese content of 15X. 



A.B.3 Eeserves 

The reserves snd reeources are dispersed over the five plateaus 

with the reserves having been developed for the Bsqgombe and Okouma 
plateaus. The reserve estimate is reported aa 200 million m.t. of 
product at SOX manganese. Of this total, approximately 75 million 
m.t. of product equivalent eie in the measured and Indicated 
categories (W.A. Preston, presentation to the panel, 1979). The total 
produce is equivalent to about 400 million m.t. of crude ore. The 
product reaerve figure can be reduced by about 6 aillion m.t. to 
reflect the production since 1976. Further tonnage aay be developed 
on the other three smaller plateaus. 

A total of 359 drive pipe holes and 1A9 pits have been made in the 
area, according to Preaton. The whole area la drilled on a 1,000 m 
grid that ia quoted to give a confidence level of 7SX. The drilling 
is further closed up to 250, then to 125, end finally to a 63 a grid 
at the preproduction stage. 

I 
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A. 8*4 teswrces 

The nanganese carbonate-bearing shale protore nay be a significant 
but subaarginal hypothetical rcaourcc, provided it will aot require 
•seeseliM ■tripping end that the BMigaiieM can be recovered by 

benef iclatlon. Much exploration has taken place in the ettrrOttBdlng 
Hoanda area* but no other depoeite have been dlecovered. 
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A. 9 GHANA 

Although low-grade manganiferous metamorphosed sediments are widely 
distributed throughout the Precaabrian fonuktions of Ghana, the prlaary 
■ource of high-grade sanganese has been the Nauta dcpoalt'ln the Tfezkim 
District. The aanganese-bearing sediments occupy an extensive zone la 
Upper Birrlmlan greenatone balta and often occur as surflclal capa of no 
eeonoaic importance. Production of high-grade oxlda or« fron th« Nauta 
deposit since 1916 has been over 25 million tons* but Slnca the alddle 
I960' a, production haa gradually declined* 

About half of the aurface of Ghana la aada up of rocks of the 

Precambrlan Birrlmlan system that dates back about 2 billion years. This 
systen is divided into a lower series of aetafflorphosed, mainly pelitic 
fl78ch-t3Fpe sedlaents and a nore restricted upper ssriss of geosynellnal 
greenstones that are largely metamorphosed basic lavaa and pyroelasties 
with Intercalated bands of phylllte and graywacka* 

The Upper Birrlalan graenatonea are dlatrlhuted throughout tha 

Precambrlan as several, generally northeast trending, discontinuous 
belts. Syngenetlc, more or less manganiferous sediments, folded and 
■•taoorphosed with tha aurrounding roefca, occur in tha upper part of tha 
greenstone series. These rocks are largely manganiferous phyllltes and 
gondltes. The manganiferous formations are present In many areas of the 
country, and aupergene weathering and anrlchBsnt have given rise to 
numerous occurrences of manganese oxides. In the majority of cases* 
these aanganese occurrences appear to be of no economic Intereat* 



A. 9.1 The Mauta Deposit 

The Vsttta Bsnganaaa sdne is situated in the TSarkwa District in 
southern Ghana, about 60 to by tbs comaeting railroad to the saaport of 

lakoradi. 



A.9.1.1 Geology 

Morphologically, the Upper Birrlmlan sequence is delineated by 
Isolated low hills and ridges partly formed by the erosion-resistant 
manganiferous formations. During Tertiary time, the area was part of a 
latarltlc peneplain that was subsaquantly upllftad and dlssaetad. the 
higher hills and rldgas ara still capped by latarite* 

The Upper Birrlalan greenstones, folded along north-northeast 

striking areas, comprise a sequence about 450 m thick, consisting of 
sarlclte-graphitic phyllltes, tuffs, and graywackes, and an upper 
aanganlferous cone, 120 a thick, composed of manganiferous phyllltes and 
gondltes. Some 300 m below this zone there is a second, nanov, 
manganiferous phylllte layer. These formations extend in a northerly 
direction a distance of more than 30 km with 60 to 90" dips. The 
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manganlferous phyllites contain aoie 0.5 to 22 mangaoese, but some local 
values up to 15Z have bean reported. The gondltea appear to contain froa 
15 to 25Z nanganeae* 

The known workable depoalte aie In the upper eangenlferoue horlson* 
They are confined to the Nsuta area where the main ore bodies are 
outcropped on 5 hills and aligned in 2 parallel north-northeast zones 
over a length of some 3 km, presumably representing the 2 limbs of an 
laoellnal, eastward-dipping fold* The fomatlona have been aubjeeted to 
strong cross faulting, which has displaced the ore bodies. The ore 
bodies are conformable, tabular lenses up to 300 n long, 23 m wide, and 
over 130 a deep. 

A typical section through the ore body show a surface layer about 10 
■ thick, coneietlng of detrltal ore (40X aanganeae) and overlying the 
eaatward-dlpplng ore zones and the surrounding weathered phyllites that 
contain irregular blocks and patches of manganese ore. The upper part of 
the main ore body is hard, laterltlc ore (50 to 55Z manganese) almost 
devoid of quartz. At depth, the ore gradually changea to a ao£t» porous, 
black ore that contains thin seams of clay and is cut by numerous 
veinlets of quartz. The three types of ore include: 1) Ore replacing 
pre-existing rocka and containing relleta of aaaeovlte and quarts; 2) 
cavity fllllnga and velnleta; and 3) realdual ore. 

The ore ainerala an eaeentlelly pjrrolualte, eryptomelane, and 

battery grade Mn02 (nsutite) with some manganite, lithiophorite, and 
goethite. Speesartlte occurs in deeper levels In the gondite and 
■angsnlferoua phylllte. 

For a long time It was assumed that the ore would grade into 
unaltered gondites and manganlferous phyllites at depth. The 
■inerallsatlon tiaa believed to be entirely related to Tertiary-Quaternary 
supergene alterations of the source rocks* However, deep exploration in 
the late 1950* s shomd that at depth, the oxide ore bodies grade into 
■engenese-beering eerbonete rock. Accordingly, the oxide bodies appear 
to be essentially supergene enrichments of the syngenetic carbonates, 
with only a small part of the oxides deriving from the alteration of the 
gondites and phyllites* Conceivably, some of the oxldea also represent 
primary ore. Thus, the Nsttta dspoalt appears to be slnllar to those in 
Brazil and Zaire. In some places the manganese carbonate ore apparently 
la cut off at depth by the roof of a younger, granitic porphyry Intrusion. 



A. 9. 1.2 Production History 

The deposit was discovered In 1914 and limited production began in 
1916. The mine was acquired by African Manganese Co., a subsidiary of 
Union Carbide, In 1923 end waa mined continuously until the property was 
nationalized in 1973. Mining is presently being conducted by the Ghana 
National Manganese Corporation. With the gradual depletion of the oxide 
reeervea during the last five years, the eerbonete ore Is being mined to 
•uppleaent the declining oxide production. 
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The total prodtictlon of ore since the start of operations has been 
estimated to be over 25 a*t«, with an average annual output of about 
500,000 B.t. For several d«ead«0, Ksuta ims the world's principal source 
of battery-grade ore (54. 8Z nanganese) and producer of Important 
quantities of metallurgical ore (over 48Z manganese). Since the early 
1950*8, however, only a small part of the production has been 
battery-grade. The peak year of production ws 1951. when over 900,000 
m*t. of hlgb-grade ore was nined* 

The Nsuta mine is a mechanized, relatively modern open-pit operation, 
with a 3,000 tpd capacity. Hand picking and a treatment and sintering 
plant were employed to obtain a high-grade ore product. This plant, 
designed to process the oxide ore, produced a product that contained 
about 501 Mn. 2.98 to 3.79Z Fe, 7.A to 8.3Z Si02» 3.5X AI2P3, end 
0.10 to 0.12X P. 

In 1978, Hsuta produced 321,000 n.t. of aanganese ore, of wtiich 
115,000 a»t* were carbonate. The ore reserve situation is being 
appraised as the result of the decision to proceed with the construction 
of an il8 allllon roasting/nodulisatlon plant* The filler Coapany was 

awarded a contract to construct the plant designed to process 1,000 to 
1,100 tpd of carbonate ore. The plant is scheduled to cone on line in 
1981. 



A.9.1.3 Ejcport Market 

With the near depletion of the Nsuta oxide ore, the future of this 
mine depends on the marketability of the carbonate ore. Manganese 
exports in 1976 were approximately 350,000 n.t., of which roughly 150,000 
m.t. were carbonate ore and 200,000 m.t. were oxide ore, mostly 
metallurgical grade. All battery-ore exports were destined for the 
United Kingdow. The cerhonate ore was sent to synthetic dioxide plants 
in Japan and Ireland and to electric furnace f erromanganese plants in 
Norway, Portugal, and other markets where it was used to aake up about 
ISX of the furnace charge* 



A.9.1.4 aeserwes 

Exact reserve figures of the remaining oxide ore are not available, 
but it appears that the ore is very close to being depleted. Reserves of 
carbonate ore, bssed on limited drilling, aaount to about 20 million n.t« 
of 30Z manganese. Additional carbonate resources undoubtedly exiet, but 
the order of magnitude is unknown. 
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4.10 MOKOCCO 

(S«tt Plgttra A-6) 

There are two principal manganese districts in Morocco: one In the 
eastern part of the country at Bou-Arfa near the Algerian border and one 
on the soathcMtern flank of the Atlas Mountains near Ouarsasate* Tlwn 
has baan no reportad production froa tha BotirArfa dlatrict for muxf jwtm» 

The sole aanganeae nlaing operation In Morocco nov li at lalnl, 

located about 40 kn northwest of Ouarzazate, between the High Atlas and 
the Anti Atlas Mountains » and about 160 km by highway south of 
Marrakaah. Geaablanea lies toward the north at a distance of 400 la. 

The annual average production froa Morocco ranged iron 300,000 to 
570,000 B.t. during the years 1950 to 1966. Onrrently at lalnl, an 
annual average of 100,000 m.t. of processed ores are shipped fron a aine 
production at 120,000 m.t. (Weiss, 1977). The peak production of nearly 
175,000 m.t. was shipped in 1974. There are a wide variety of shipped 
products, ranging in grade froa 74 to 94Z Hn02( and practically all of 
the production Is for nonaetallurgical and nonbattery uses, I.e., in 
ceramics and chemicals. The fines content of the ore, plus its lead and 
copper content. Halts its use aetallurglcally. The products sre hauled 
by truck across the High Atlas Mountains to Marrakesh, where they are 
loaded into rail cars for transport to either Gsaablanca (240 ka) or Safl 
(230 km) for export. 

At Imlnl, the manganese occurs In 2 to 3 beds associated with 
Cenomanian dolomites. The main manganese horizon is made up of 
ellipsoidal beds extending over a distance of 19 ka and having workable 
widths of 150 to 400 n. The overall shape of the ore body is tabular, 
with an average thickness of 1 m. Overall It dips 5" toward the east. 
Mining is by underground rooa and pillar aethods, with pillar drawing. 
Depths below the surface range down tO 120 tn . The ore Is friable and 
fine grained and requires little drilliag and blasting. The ore is 
coaposed chiefly of pyvoluslte and pslloaelane, with an o'verall grade of 
46Z Mn and less than l.OZ Fe. The ore contains objectionable amounts of 
lead and copper for aetallurgical use. Ore grading begins at the nine 
face, where the ore is segregated into different types that are then kept 
separated during subsequent processing. About 10 dlffersnt grades avs 
handled sepsrately* 

The reserves at lalnl are 1.8 aillion m.t. of 46Z Mn. Additionally, 

there are 500,000 m.t. Indicated and 1.3 million m.t. inferred. The ores 
are also reported to contain 0.07Z P, 0.8Z Pb, 0.2Z Gki, and from 0.2 to 
0.8X K2O. Other occurrences of aanganeae ores have been identified at 
a number of other localities near Imlnl and along the eastern flank of 
the Atlas Mountains. Mangsnsss deposits located in the upper Sousse 
Valley near Tasdreat and Idlkel are aaaociated with stratigraphic 
horisons similar to lalnl. These deposits produced shout 100,000 a.t. 
from 1951 to 1959. A number of vein type or fracture-filled deposits 
with low tonnage potential are reported in upper Precaabrian rocks around 
Oursasate. Ho davelopaant of theaa depoaita la known. 
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A. 11 REPUBLIC OF SOUTH AFRICA 

The principal manganese producing area of South Africa Is located In 
thm Northern Cape Province between latitudes 27 to 29" south and roughly 
along 23* east longitude. It conslata of two dlatrlets, the Foataasburg 
and the Kuruman (Kalahari). The Postmasburg District, which is the 
southermost of the two, extends about 63 kii from the town of Postnasbttrg 
to Sialian, whlla tha 41 loa long Kuruaan District ttarta about 105 In 
north of Foataasbarg. 

The South African manganese production is dominated by tifo 
companies: S.A. Manganese Ltd. (Samancor) and Tha Aasoeiatad Hanganeaa 
Mines of South Africa Ltd. (Ammosal). Samancor operates the underground 
Wessels mine and the open-pit Mamatwan mine in the Kuruman District and 
tha opan-pit Lohathla nine in tha Postnasburg District, ilaaosal is 
mining from three underground mines In the Kuruman, I.e., Black Rock, 
Gloria, and N'Chwanlng, and three open-pit nines in the Postmasburg. Tha 
Kuruaan Dlatrlct provides in excess of 75Z of the total production. 

National Manganese Mines (Fty) Ltd. has a small production from the 
Langdon open-pit aina. Anglo Anerican Corp. brought thair underground 
Mlddelplaats mine into production in Bid-1979- Both of thasa ainaa are 
in the Kuruaan District. 

lha aanganaaa deposits in tha Northam Cspa Provinea vara diseovarad 

In 1922 and ferruginous manganese was first mined at Lohathla In 1926. 
In 1955 Aamosal started mining at Black Rock and Samancor at Hotazel in 
1959 in the Kuruaan District. Production of aetallurgical ores was 
slowly built up as other mines came into production (Devon, Smartt, 
Adaas, etc.) and exceeded 1 million m.t. in 1960. The aetallurgical 
baaaficiated ore produced for the years 1972 to 1978 is shown in 
Table A-17. 



TABLE A-17. SOUTH AFRICAN METALLURGICAL MANGANESE PRODDCnON (a.t.) 



TEAR 



MANGANESE ORE TYPE IN GRADE 

4 0-4 5% Mn 4 5-4 8% Mn 48+% Mn 



30-40% Mn 



Total 



1972 
1973 
1974 
1975 
1976 
1977 
1978 



2,142,653 
2,629,137 
3,026,152 
3,872,052 
3,358,080 
2,838,758 
2,356,654 



174.607 
246,443 
264,464 
232,947 
209, 348 
576,894 
429,995 



116,509 
278,193 

218,185 
1,379,230 
1,517,353 
1,197,784 
1,131,267 



1,138,323 



743,467 
934,983 



199,274 
269,608 

262,995 
262,079 



3,177,236 
4,088.756 

4,647,124 
5,683,503 
5,354,387 
4,876,401 
4,179,995 



Sooreat Rapublic of South Africa, 1972-1978 



Copyrighted material 



187 



During the nmm period, a total of 771,437 a.t* of chemical grade ore 
«M produced primarily at grades of lasi than 3SX to over 85Z Mn02. as 
well aa 758,307 B.t. of aanganlfarotta ore at IS to 30X Mn and 20 to 35Z 
Fe. 

At present, manganese ore exports from the Kalahari Region are 
transported by rail via Postmasburg and Klmberly to Fort Elizabeth so«e 
950 km distant, k new line has baan const ructad from Slshan to Saldanha 
Bay, north of Cape Town, a distance of about 800 ka. The aanganese ore 
Is hard and tough and stands up vary wall during tranaport with a alnlaia 
generation of fines. 



A.11.1 Kuruman (Kalahari) District 

The ore occurs as two major types: the high-grade, mainly 
braunlte-hausaannlte Wessels type, and the self-fluxing carbonate, mainly 
braunlte Nanatwan-Mlddelplaata type. Typical analyses of the types are 
shown In Table A-18. Associated ttanganase Mlnas produeas tha gradaa of 
lump ors listed In Table A-19. 



A.11.1.1 Wessels 

All tha mlnas in tha Kuruman Dlatriet are underground axeapt tha 

Hanatwan and the Langdon. Seraancor's Wessels mine in the northwest part 
of the district Is mined by room and pillar method, with accesa provided 
by a vertical ahaft and inclined ramp. A aaeond inelina with a conveyor 
belt Is planned for future expansion. Two separate zones of manganese 
ara praaant. In tha shaft area, tha upper one is at a depth of about 370 
m and tha lewar at about 385 m. A third aooa, tha middle layer, oeeura 
but la not being mined dua to erratic mineralisation and tbickaaas. 

The two ore bodies are of variable thickness, but are mainly between 
3 and 5 maters and mined uaing modified load-haul-^uap (LBD) loadara, 
rear-dump trucks, and single-boom drills. It was Initially planned to 
use 3 m square pillars with 6 a wide rooms. However, because of 
spelling, the pillar slse was increased to 8 ■ with roadways and 
crosscuts 8 m wide giving a mining recovery before losses of about 7SX. 
A 90Z extraction recovery Is envisaged, eaploying a retreat syaten 
idiareby plllara ara robbed (W. A. Preston, Britiab Steal Corporation, 
praaentation to the Oonmittaa, Anguat 1979). 

In places the ore bodies are horizontal and easy to work, whereas 
alsewhare they are atructurally complex with rolls, folds, and minor 
faulting. A fault with a 35 m vertical displacement occurs immediately 
to the west of the shaft; parts of the ore body are ferruglnlzed. The 
production capacity la rated at 1.5 million m.t. per year of salable 
product at -t-47X manganasa, but ia currently producing at about 1 million 
m.t. per year. 
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A.11.1.2 Hamatwan 

The Manatwan mlnef tltuated near the southern end of the KuniMii 
district, is mined by open-pit nethods. It was started In 1961 on a 
reserve lease of 200 nlllion m.t> drilled out on a ISO x 150 d or 200 x 
150 ■ grid, with pnptodtictlon drilling grids reduced to « 60 or 75 ■ 
pattern (W. A. Preston, 1970). The ore horizon, which is the 
stratigraphlcally lower layer of nanganese, averages 19 m thick, but 
attains thicknesses up to 46 n (Hsonerheefc and Tsljsardt, 1976). It is 
overlain by about 50 m of limestone that thlckiMIS northward and by aovs 
than 7 B of Kalahari sands. The sand Is removnd by a bucket-wheel 
excavator. Mining is by conventional asthods utilizing drilling 
machines, large power shovels, front~«id loaders, and rear-dump trucks* 
The annual production is about 1 Billion m*t» of product* 



A.11.1.3 Middelplaats 

This new Bine(World Mining, 1979), situated near ths south end of the 

Kuruman district and to the west of the Hamatwan, was put Into production 
In mld-1979. The ore horizon lies at a depth below the surface of 
between 300 and 500 a, with the main operating level at 400 m» Access is 
provided by a vertical shaft and a 2500 m-long service ramp Inclined at 
between 10 and 12" from the horizontal. The shaft la capable of hoisting 
1*2 Billion tons of ore a year over a five-day week working cycle. The 
ore body, which is stratabound and dips northwest at about 10", thins to 
the north and west. It will Initially be mined in varying thicknesses of 
up to 14 m. The ore will be extracted In two or three cuts, using the 
rooB and pillar Bethod of Blnlng* Prallainary planning assuaas a 75X 
overall recovery, with rooBS and croascuts Binad 6 b wide and leaving 6 a 
square pillars* 

The mining operation Is highly mechanized. Twin-mounted hydraulic 
JuBbos are used for drilling the ore prior to blasting* After blasting, 
LHD front loadera ars used to collect and load the ore into 23.5 ton 
capacity rear^unp trucks for transport to the ore pass above the primary 
crusher station. The manganese ore is generally hard and competent and 
is conpoaed of a mixture ot oxides and manganese silicates including 
braunita and todoroklta with gangue Binerals including calciua and 
Bagnaalua carbonataa* 

The exploration drilling was undertaken in t%fD phases, with the 

initial spacing at 400 to 1000 m. Later this was reduced to a 300 m 
spacing throughout most of the deposit. Of the 24 holes drilled, 13 
intersected the ore body. Soae of the reaainder were used to define the 
lava contact, while others were stopped due to mechanical or other 
difficulties. The results of the drilling delineated ore reserves in 
excess of 52 million m.t. at a grade of about 38Z manganese, sufficient 
for a mine life of 30 years (U. A. Preston, prasantatlon to the panel, 
1979). The mine facilities are designed for an annual extraction of 1*3 
million m.t. which by 1983 is expected to reach the planned annual 
production rata of 1*1 allllon a*t* of aarketable product* 
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A.U.1.4 — B<flcUtion 

At Weasels and MAmatwan, the run-o£-mlne on Is bcncf Idated by 
•laple crushing and screening. The hmp ptodiiec is crushed to ■Inus 63 
nn with the minus 10 nm alzes being screened out ami It nay be exfefit^ 
that 13 to 202 of fines would be generated. 

At Mlddelplaats, the primary crusher reduces the size of the ore to 
minus 150 am. In the treatment plant a secondary crusher reduces the ore 
to 75 n, after wMeh It Is fed to the Hashing and eeteenlng eeetlon for 
sizing. Typical lump ore product is sized at minus 75 mm plus 6 ma and 
fines at minus 6 mm plus 2 mm; about 15Z fines are generated (Tex Report, 
1977). The minus 2 mm fraction is further separated by cyclones into a 
Blnue 2 mm plus 150 a fnetlon that le dewatered and atoekpiled. The 
■inne ISO ■ fraction is thickened end puaped to a ellae dlepoael pond* 



A.11.1.5 Ore Pereletence Cheracter 

The Kurunan District manganese-bearing basin has a north-eoutli strike 
length of 41 km and e width varying from 5 to 20 km. The Bouthern end of 
the field at Hamatvan may be terminated by a fault. From Mamatwan at the 
south end, the basin extends continuously northward for 34 km to the 
Black Rock and Weesele mlnee* Beyond Heeaele the field extends 
discontlnuously further northward ae erosional remnants (Hammerbeck and 
Taljaardt» 1976) . On the east elde of the basin, erosional remnants of 
the ■anganeee beds haipe been preeerved In greben-like fault blocka where 
the Hotazel, Devon, and Langdon mines are located. Black Rock is the 
only outcrop of manganese ore occurring in the basin. The basin 
boindaries have been defined by aagnetlc surveys and by dlsaond 
drilling. The dip of the beds is to the west at about 15°, undulating in 
places, and flattening towards the center of the basin. Minor faulting 
and folding occur. Mineralization has been found at depths in excess of 
1000 ■ In the center and weetem perts of the beeln* 

The manganese deposits of the Kuruman District occur as chemical 
pfeelpltetes. The protore Is e laminated, flne-grelned calcareous rock 
carrying about 27Z manganese. It was originally deposited as a mixture 
of manganese hydroxide along with calcium, magnesium, and manganese 
earbonatee (Hkararbeck end Teljaardt, 1976; Annhaeuseer end Button, 
1974). The formation consists of banded iron formation, with three 
manganiferous horizons near the base of the zone and calcareous dolomites 
higher up in the succession. The formation is in the Daspoort Stage of 
the Preeaahrlen Transvaal System and It iMediately ewerlles the Ongelnk 
laves* 

It eppeers thet the beein Is relatively wanganeee-rlch elong Its 

eastern and east-central portions. The manganese content decreases 
downdip to the west, along with increasing carbonates such as 
■anganocaldte or manganodolealte* Silica Inereaeee further to the 
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if««t. Also In the eastern part of the basin, the manganese dsposita tend 
to be thicker and more massive, while westward and northmrd tlieK* is a 
thinning and ■ulciple Intarflngerliig of tha aaflcanlfeiotta horisons. 

The lower aanganese layer that lias about 30 n abow the Ongelok lawa 

can measure up to 25 m In thickness. The middle layer of protore Is thin 
and impersistent, while the upper layer is sone 6 o thick (Boardaan, 
1964; Oe Vllllers, 1971). The lower and upper layers are not coasidaiwd 
to be continuous (Boardman, 196A), but show lenticularlty and are not 
alwaya cooposed of aanganese ore. There are discontinuities of unknown 
•xtMt dua to erosion and nondeposition. Lateral grada variations are to 
ba axpactad* 

In places, the banded iron formation is unconfomably overlain by 
arenacaoua and argillaceous rocks of the Vaterberg Systew* Brosion 

during the Dwyka glaclatlon excavated a trough, which locally can be more 
than 300 m deep, and also removed a substantial amount of mineralization 
and, In plaeaa, the entire succession* 

The near surface ore that was mined, at Hotasel, Smartt, Langdon, 
Dsrvon, York, Adaaa, and Black Rock, shows that the calcareous protore haa 
been «q>grad«d by surflclal processes, with the enrlchmant probably a 

multistage process. The various deposits are not uniform, but vary 
according to the layer of the protore being mined, the metamorphic grade 
lapoaed by boatonitic and gabbrolc Intruaivea, the ef facta of 
bydzothermal action, and the Intensity of surface enricfeaant procassas 
(Da Vllllers, 1971; Anhaeusser and Button, 197A). 

Metasomatic replacement and enrichment by manganese Is a widespread 
phenomenon along aonea of structural deformation* While surface 
anrlcbaent Is generally aore pronounced In the surface zonea, the effecta 
of enrichment are noted at depth along Joints, faults and folda in 
structurally disturbed areas such as part of the lomr layer at Wessels* 
Bere the ore contains up to bOX Mn compared with the 20 to 40Z Mn in 
Structurally unaffected areas between Maaatwan and H'Gbwanins (Haaaarbaefc 
and Xsljaardt, 1976). 

The ICuruaan aanganese ores ata alneralogically eoaplax and varlabla 

and De Villers (1971) described 17 manganlferous minerals. The principal 
ore minerals appear to be braunite, bixbyite, hausaannite, Jacobslta, 
todorokita, and eryptoaelane* Faatheratona (1975) givaa the approxiaata 
coaposition of the Wessels ore as 33Z braunite, 6Z manganlte, 32Z 
hausmannite, 9Z calclte, IZ magnesite, and 17Z hematite. The Hamatwan 
ore has 48Z braunite, 14% manganlte, 22Z calclte, SZ magnealta, and 6Z 
taaaatita* Mo Mn02 was found in aithsr ora* 

At Black Rock, two persistent ore bodies are developed, each of which 
is approxiaately 6 a thick and represents the upper and lower layers* 
The lower ore body has a uniform thickness downdlp to about 130 m and 
gradually thins out to approximately 2.7 m at 300 m* The upper ore body 
is aarkadly lenticular and laperaistaat and tranagxassas across tha 
laalnationa of tba banded ironatona to tha extant that in places it is in 
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dlraet contact with the alddle body (Do VlUoro, 1971). It is 

ferruginous near the hanging wall and in ploeoo It io vlrtuolly • 
oongaolferous Iron ore (Boardaeni 1964). 

The Hotasel mine, which was preeerved In the position hf small-ee«le 

graben faulting, was mined from the upper and lower layers. The top was 
about 6-7 m thick and the lenticular middle 1.0 to 1.3 m. The lower 12 
to 17 « bed was Irregularly forruglniaed and alllclflad* 

At Hanatwan only the lower layer is being mined, but attains a 
thlcknaaa of up to 46 a* 



A«ll«1.6 B— CTca 



The ore reserves of the Kuruman District are the subject of much 
discussion as they represent one of the largest manganese resources. The 
problaa of dof ining tbo ore roaorvo for tbo Dlatriet ia eonpoundod by the 
fact that only a few coapaniaa have atatad what their reaarva baaa ia* 

The Anglo Anerican Middalplaata reaarva eatinatlon (TBZ Report, 1977) 
indicates that changing the cut-off grades influencaa the eatlnata 
greatly because the deposit has gradational hanging and footmll 
contact* The estimate is shown in Table A-20. 



TABLE A-20. 


ANGLO AMERICAN 


MIDDELPLAATS RESERVE 


DATA AT 


VARIOUS 


CUT-OFFS 


Cut-off 


Ay. Thlckneai 


Tonnage 


Mn 


Fe 


Ratio 


(ZMn) 


(«) 


(allllona m.t.) 


(X) 


(X) 


(Hn:Fe) 


37 


2.80 


32.6 


39 


4.1 


9.5 


35 


5.05 


52.6 


37.9 


4.1 


9.2 


30 


12.06 


169.3 


34.6 


4.4 


7.9 


swittt m 


L Report, 1977 











S. A. Nanganeae Ltd. haa, at varloua tinea, pobliahed the raearve for 

their operating mines. In a 1970 company brochure, the proven ore 
reeerve wes given as: Weasels 30 million m.t.; Nanatwan 200 million 
B.t.; and other dapoaita, not defined, aa 200 nillion a.t. Paatharatone 
(1975) givea the ore reserve in 1975 es being: Vessels 50 million m.t. 
end Mamatwan as 50 million n.t. proven; 200 nillion a.t. probable, end 
400 million m.t. posalble. 

It is also stated that the Weasels mine has a life of over 30 years 
and that of Hanetwan over 200 years. Therefore, it may be presumed that 
for Naaaala to operate for SO yeara, the raiarve auat be a ainlaua of 135 
■lllion a.t. of in-placa ore to produce 75 nillion a.t. of product. 
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assuming a yearly production o£ 1.3 million m>t* Allowance has been made 
for alnliig nwnvj and fines lo«e> Bstlaattts of the Sawmeor fumnmm 
within tho Kunnan District are given in TaU.a A-21* 



TABLE A-21. SAMAKOR KDIOIIAN OISTKICT IBSBnTBS B8TIIIA1B8 (ailUon a.t.) 



Heaeale Gradas (+44X aanganasa) 


184.8 ptovan 
6.0 Inferred 

190.8 




MaaatiMn Gradas <38 to 40K nanganasa) 


328.0 proven 
lOS.O Inferred 




RESEBVE lOm 


623.8 





SOURCB: Bhaadar, 1978. 



Araaosal doaa not ptthlish raaarve data; however, an estlaate can be 

made for the four operating underground mines at Black Rock, N'Chwanlng, 
Gloria, and Perth. If it Is assumed that the mines have a 30-year life 
and that production will be at or exceed 2.5 nillion w.t. par year, then 
a reserve within the above grade categories would be a minimum of 134 
allllon a.t. Rheeder (1978) has made an estimate of the Ammo sal reserve 
within the same categories as 120 nillion n.t. at Haasals gradea and S09 
■illion a.t. at Msaatwsn grades. 

The total demonstrated plus Inferred In-place ore reserve for the 
Kunaan could be, uaing the varioua aatiaataa, aa ahown in Tibia A-'22. 



TABLB A-22. 


COW ABATIVB B8TIIIA1E8 OF KDBniAM BB8BBin 


BS (Billion w.t.) 




Panel 


Mainly after 


Mainly after 




Estimates 


Featherstone 


Rheeder 


Middalplaata 


52.6 


52.6 


52.6 


Banancor 


623.8 


700 


623.8 


Anaosal 


134 


134 


629 


TOTAL 


810.4 


886.6 


1»305.4 


SOURGBS: Faattaar stone, 1974; lhai 


B^ar, im. 





The best conservative estimate based on the information available is 
considered to be the reserve tonnage of 886.6 nillion a.t. This raaarva 
would yield approxinataly 248 .million n.t. of contained wanganaaa. 
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About 1200 holes have been drilled wtthiii the heein (C. Sweetwood, 
Regional Resources Offices, U.S. Consulate, reply to Conmlttee 
questionnaire), most for preproductlon Infomatlon. The remainder are on 
widely spaced centers. The possible extensions to the nest and to the 
north, under cover of the Kalahari ssods, have been tested* Ho osjor 
extensions have been located* 



A.11.1.7 Itesourcas 

Hie resources of manganese In the Kurunan District are undoubtedly 
large* Some of these have been defined by diamond drilling and the 
reaslnder by geological projection of the known mineralized layers. The 
aaount of resovrces and their breskdom into paraBsrglnal, sobaarglnsl, 
and hypothetical categories depends on many variables, including grade, 
chemistry, or type of salable product, and depth, mlnability, mining 
costs, and capital costs* The subaarglnal resources are the lower'-grade 
material that oeeors within the central part or the west-central part of 
the basin where the mineralization has been found at depths exceeding 
1000 m. It has also been mentioned previously that the mineralized 
layers are not thought to be continuous and that lateral grade variations 
are eivected to occur* 

The estlmted resources given by Bheeder (197S) am shown in 
Table A-23, with an adjustaent for Hiddelplaats and the addition of the 
resource categories* 

The total resource In all categories is 10,197 million m*t. of in 
situ mineralization, of which as much as 50Z nay not be minable. The 
recoverable contained manganese in the resource tonnage estimate should 
be considered within the two grade intervals aa given in the estimate* 
The combined 5,897 million m.t. have a small amount of Wessels grade 
material and the remainder of Mamatwan-Middelplaats type material, i.e., 
with low iron probably suitable for the production of ferromanganese. 

The 20 to 30Z grade resource material, which is below the lower 
llaits of the material being considered, may be a different situation* 
There is no reference to any recent work being done to upgrade this 
material. The overall chemistry and mineralogy are relatively unknown. 
There is one drill hole on Olive farm, with a zone of mineralization at 
about 1000 m that has an analysis of 28Z Mn, 9.4Z Fe, and 9Z Si02. 
"Riere Is no reliable evidence to Indicate whether this material is 
suitable as metallurgical grade material. The basin is described as 
having a higher carbonate content to the wast, with inersasing silica* 
There is no information as to whether the silica occurs as part of a 
silicate mineral or as free quartz. However, it may be expected that the 
mineralisation would require an increased aaount of beneficiatlon, aost 
likely at the expense of recovery, in order to upgrade it* 
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TABLE A-23. ESTIMATED RESODICSS IN THE KURUMAN DISTRICT (million n.t.) 



Grade - 30 to 44X 
Grad* - 30 to 38X 


48 


(Weasels Grades. High Fe) 




614 
2.166 


proven (paramarglnal) 
Inferred (hypothetical) 


Sttbcotal 


2.780 




immonl 

Iscor 
MlnertB 

HiddslplMto 


1,913 
347 
693 
116 


eatlaata (75X toypothatieal) 

estlnate (submarglnal /paramarglnal) 
estlnata f aiifanArBlnaiyoaraiiarBl.nAl.) 

indleatad 


Totml 


5.897 




Gr«d« 20 to 3QZ 






Saaftneor 
Saaaneor 


200 
1.660 


proven (aubaarginal) 
iofarcad (Iqrpoehetleal) 


S u b I u t a 1 


1,860 




Aamosal 
lacor, MiMrta 


1,400 
1^040 


estlaate (90Z hypothetical) 
aatlaata (aabMtginal/lqrpot^tlcal) 


Ibtal 


4.300 





SOPKCBt Bhaader, 19fV 



The tacovarabla contalnad aangawaa la the 3(HX 
paraaarginal/submarglnal material is estimated as 838 allllon m.t. 
manganese* The tonnage in the subBarglnal/hypothetical aaterlal la 
estiaatad as 377 aillion «*t» Jhm total is 1.215 alllion ■•t* of 
racovarabla contalnad aaoganese. 

In the information provided from the International Iron and Steel 
Inatltttta*a quaatlonnaalra on manganaaa (USX, 1980), Saaaneor raaarvaa 

are slwwn as 629 million m.t. containing 254 million m.t. of manganaaa 
(40. 3Z Mn). which is consistent with the other "hard data" herein 
prasentad* Sanancor'a reaourcaa ace aboira as 4.688 ■illion a.t. 
containing 1,439 million m.t. manganese (30.6% Mn) . This resource figoca 
is a large part of the total material figure for South Africa and is 
eoaalatant with the classification given abova* It is a eoasidarabia 
part of the total material figure for South Africa, which the Minerala 
Bureau of the Republic of South Africa (Neethling. 1979) (with no 
qualification) calls "identified reserves" and which the South African 
Geological Sorvay calls tha "total idantlfiad reserves aa dafinad bf 
McXalvay." 
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A«ll*2 : 'OS Unas burg Liist-rict 

The FOstnasburg District in the Northern Cape Province extends 
nortliimrd froa BsttMaburg for alieat 65 km to Sishen and may be dlvidad 
Into a western and eastern belt. This district is made up of a aerlM of 
irregular eplgenetic/replaceraent deposits grading from ferruginous 
manganese as low as 20X Maganese to high-grade ores at 30% Maganese (W. 
A. Pnston, British Steel Corporation, presentation to the panel, 1979). 
Due to the drop in grade, adverse mining conditions, and the gradual 
weakening in the demand for siliceous manganese ore such as occurs in the 
•estern belt, ptodoetioa tme curtailed there in fevor of the weetem belt 
(HBiMrbeek end Taljeerdt, 1976). 

The open-pit Lobatlhe nine, ovned by 8> A* Hangeneee Ltd. , produeea 

about 500,000 m.t. per year of product, tilth a typical analysis of 28 to 
30Z Mn, 24 to 26X Fe, 3 to 5Z Si02, 6 to 8Z AI2O3, 0.3Z CaO, 0.4% 
MgO, 0.05X P, end 0.039( S (Weise, 1977; Preston, presentetlon to the 
panel, 1979). 

The Gloucester, Bishop, and Glossan mines owned by Associated 
Hangeneee of South Af rice ere eleo open-pit nines end have en eetlaated 

production of 300,000 m.t. of product per year, with grades and analyees 
similar to those of Lahatlha. The open-pit Roolnekke, owned by 
Gonsolldeted African Mlnea Ltd., produces ebout 200,000 a.t. annually of 
manganiferous Iron ore grading 18 tO 20X Nn, 34 to 36Z fe, 12Z SIO2, 
2.SZ A1203, and 0.09Z P. 

The Lohatlha aengeneee ore la developed In the loner part of a 

30m-thlck shale layer that is capped by quartzite. The ore lies in 
contact with the underlying dolomite, occupying sink holes and pockets 
between pinnacles on s kerst surface of the doloalte* The ore bodies are 
not of great size. In general, the hard nature of the ore allows a good 
recovery factor, %rhich yields a salable product. Sbme washing of the 
Lohathla 28 to 30K Ifa etude ore la reiittlred to provide the 35 to 45X Mn 
producta (Praaton, preaentatlon to the penel, 1979). 



A.11.2.1 Ore Beraletenee Charecter 

The western belt is characterized by ferruginous ore types that occur 
doae to the uneonfozneble contact of the GaBagara Fonatlon overlying 
Campbell Rand Dolomite. This low-dipping contact has a sinuous outcrop 
pattern mainly due to the alumping of the Ganagara beds into solution 
depresalon In the doloalte. The ores ere only developed where the 
Ganagara Formation rests directly on the dolomite. They are thought to 
have formed by near surface leeching of nanganese fron the dolomite and 
replaceaent of the Gamagara shale by the nanganlferoua solutions. The 
nanganlsed ahale is frequently overlain by, and gradea into, variable 
thicknesses of hetnatlzed shale. Slumping of the nanganlzed shale into 
dolomite solution depressions has resulted in the ore being fragmented 
Into disjointed blocka aet In an earthy fill (Aahaeuaaer end Button, 
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1974). One of the sain sources of aaoganese presently being exploited ia 
the detrltal ore occurring in soil at the foot of elevated ground on the 
Lohathla fans* The principal manganese mineral In these deposits is 
hlxbgrlta with jacohfelte* hreunlte, haaswumite, pyioliialt«s 
llthlopherltet mbd partrldgelte. 

The eastern belt mineralization is found at or near the contact of a 
pre-Gamagara residual chert breccia and the underlying Campbell Rand 
Dolomite. It consists principally of braunite with llthiophorlte , 
psilomelane, and hausmannite. The main gangue mineral is silica from the 
chert hraeela. The nlnerallsatlon la •xtneMly Irregular and Halted to 
depths of 30 m (Anhaeusser and Button, 1976), In ateep. Irregular, 
pothole and solution channels. 



A.IX.2.2 Reaenre 

The 1978 estimate of the reserve hes heen given aa 15 million m»t» 

grading 28 to 30Z Mn (Rheeder, 1978). The reserves cannot be assessed, 
with any degree of accuracy, by drilling. There is a good possibility of 
developing further hut Halted veservea of alaller grade aaterlal* 

A«ll«2>3 Resource 

Ihe irregular form of the deposits does not allow any overall 
reaource value to be applied to thlo dlatrlet* 



A*ll*3 Minor Depoaita 

Transvaal-Dolomite Series . Manganese In the Transvaal occurs in 
numerous localities from the west and northwest of Krugersdorp to the 
border of Botawana. Sporadic occurrencea of pyrolualte and aanganlferoua 
earth or wad are found widely scattered in those areas underlain by the 
dolomite seriea* The oanganese occurs aa aurficial enrichment la deeply 
decoapoaed aurfaee aaterlal during weathering of the doloalte (De 
ViUlera, 1960). 

The deposits are all small and few are of economic interest. About 
13 eoapanlea operate about 12 open-pit alnes and one (the Gopani mine 
near Zeerust) underground mine. The total output is about 200,000 m.t. 
per year and the production is for specialized usage of Mn02 in uranium 
extrectlon end for the battery, chemical and plgaent Induatrlea (Preaton, 
presentation to the panel, 1979). There are several grades produced, 
i.e., 62.3 to 70Z Mn02 battery grades and %rith chemical grades in 
aeveral Intervala froa 35 to 40K Nn to 70 to 85X ltai02* Reserves and 
grades are quoted aa 150,000 m.t. at 45Z Mn02 in the Kand Mines and the 
rest of the ore varying betwen 60 and 70Z Mn02 "uranium grade" and a 
42 to 47Z Mn "lumpy grade" (Preston, presentation to the panel, 1979). 
The reserves are presumed to be small. The raaourca of the low-grada wad 
alnerallsatlon could be aeveral mllllona of tons. 
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Transvaal-Wat erber>; Syst.ea . ThlS Syttm, ntllch !• principally tO tlm 
north of the Dolomite Series, has gash-vein fillings, fault and 
shear-zone Impregnations » and localized concentration of pslloaelane, 
with nlnor brattnit* In tmd and purple ferruginous sandstones* The 
deposits are either mall or of a poor grade and are not ecoaonie (De 
ViUlara, 1960). 

Cape Province . Hanganase nlnarallsatlon, uanally pyxolnalta and 

psllomelane, is found as veins and impregnations in quartzlte and 
sandstones of the Table Mountain Series in the western and southwestarn 
Cape Ptovlnee. The depoalta aaldon paraiat in dapth and sanarally hava a 
high phosphorus content so thara ia Qo cvrrant production* Iha raaourca 
la considered to be snail. 
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A. 12 UPFBK VOLTA 

Occurrences of manganese are fairly numerous in Upper Volta, but only 
a few are important. They appear to be similar to those found in 
nelghborlqg Ivory Coast and Ghana. In this part of waatern Africa, 
nanganese occurs mainly as metamorphosed manganlferous sediments that foni 
part of the Middle Precambrlan, "Blrrimlaa" volcano-sedlaentary greenstona 
belts. The ■anganese, plos associated silica and iron, had their source 
In submarine volcanlcs and were deposited, more or less nlxed tflth 
detrital miaerals, as syngeaetic chemical precipitates* 

Ihe original manganese-bearing constituents of these sediments may 
have Included oxides, silicates, and carbonates, with subsequent folding 
and metanorphlsa resulting In "gondites*'* The latter are siliceous 
aadlnents containing in general mame. 25 to 30Z manganese that occurs 
mainly as silicates. In some cases associated with carbonates. According 
to the original grade and composition of these protores and to the local 
eircttutanees of later weathering, eupergene deposits of Mo-oxides have 
been formd that range from mere showings to sizable Mn-oxlde deposlta* 
It appaara that In the latter, the protore alaost always contains 
considerable quantities of ■anganese-«arbonate and this is presuaably a 
prerequisite for the formation of such deposits. Thus, carbonate ore is 
preaent in depth at all the noteworthy deposits in West Africa, such as 
Nauta (Ghana), Hokta (Ivory Goast)* Ihaboa (Upper Volta), and outside this 
iaaediate area at Klsaaga (Zaire)* 



A.12.1 The Taaboa Deposit 

Ihls is the largest known manganese deposit in Upper Volta. It is 
located in a revote area in the northeast eztrenity of this land-locked 

country, some 350 km from the capital, Ouagadougou. The deposit is part 
of a small, isolated patch of metamorphosed volcano-sedimentary formation 
aurrounded by granitic rocks. The formations strike north-northwest and 
dip AS to 70° to the east* The naqganiferous layers form the backbones of 
two elongated hills that measure respectively 1,530 m long by 330 m wide, 
with a relief of 77 m above the surrounding peneplain, and 830 m by 200 m 
with a relief of 44 a. The volcano-aediaentary foraation consists of 
schists and tuffs, with a thin Intercalation of basic volcanlcs and 
aeveral thin intercalations of quartzite. It includes four 
nanganese'bearing beds which vary in thickness between 4 and 28 Below 
the zone of supergene oxidation, this naterial consists of aanganeae 
carbonate, spessartlte, and other aanganase-sllicates. 

This so-called "carbonate ore" at depth coapriaes three types: 

a Material with predominant rhodochroaita containing an aversge of 
481 aanganasa (prsauaably also contains high-grade priaary oxides); 

• Material with predominant Kutnahorite (Ca, MnC03) containing an 
average 36X ■anganeae; and 

s Material with predominant "hydrohausmannlte" (a "primary" manganese- 
OKide) and associated carbonates, averaging 55Z asnganaae. 
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The "carbonate ore" contains less than IZ Fe, 7 to 9Z SIO2, less than 
O.OIX P, and ninor anounts of sulfides (pyrlte, molybdenite). Besides 
th« aiiMrals ■entioned, It contains aone "primary" aillcates and oxides 
of maganese (cephroice and hauamnmiite) and niiior, Meondary osldas ouch 
as cryptoaelane and ■anganite* 

Extending liptfaid to tha surfaea over a depth on the order of 70 

the carbonate ore becomes more and more oxidized, with the developnent of 
supergene oxides (crytomelane, pyroluslte, and n'sutite or battery grade 
ore) an tha main minerals. This oxidised sons eomprises: 

• Chemical ore with 56 to 60Z manganese that coaprisas the main 

manganese layer; 

• Rich metallurgical ore with 48 to Stt maqganaaa; and 

a Hstallurgleal ore with A4 to 48X manganasa. 

The average grade of all oxide ore is S3.88Z manganese. Further, this 
material contains 1 to 2Z Fe, 2 to 5Z 8i02( 5 to 9X AI2O3 + 8102. 
and 0.13 to 0.18X P. 



A.12.1.1 Hasonrcas 

The deposit was discovered in 1960 by the French Bureau de Recherches 
Geelogiques at Nlmlavas (B.R.G.M.). Prospecting of tha oxide ore 
(mapping, tunneling, sampling) In 1963 Indicated the existence of 10.5 
million n.t. at 31Z manganese, including 4 million m.t* proved, 3.3 
million m.t. probable, and 1 million m.t. of datrltal ore. 

The deposit was further investigated (drilling* tunneling, pitting, 
and geophysical pro spec tlon) by tha United Nations betwaen 1966 and 
1970. This led to a resource estimate of 16*1 million m.t. at 53. 8Z 
manganese, of which 10.14 million n.t. were over 54Z manganese, 4.99 
million m.t* 48 to 54Z manganese, snd 0.97 million tons at 44 to 48Z 
manganese. About 12*6 ■llllon n.t. of the total are oxide ore and 3.5 
million m.t . represent a mixture of oxides and "rich carbonate" ore. Tha 
resources comprise 11.3 million m.t. measured, 3.2 million m.t. 
indlcstad, and 1.4 million m.t. Inferred. 

Moreover, eluvial, detrital ore that locally covers the hills was 
estimated to ba 730,000 a.t. at 49. 8Z maqganasa. This matarial is not 
laclodad in tha total resource of 16*1 million m.t. 

The resources of oxide ore would be minable by open-pit with a ratio 
of ovar burden to ore of about 1.79 to 1. lha deapar carbonate ore 
constitutes a subeconomlc resource at the present time and no reliable 
figure is at hand. Although there is significant quantity of very 
high-grade oza, thara ara obstaclaa to ainlng. lha area is zaaota and 
laeka water, power, and transportation facilities. Bvan so, caws r clal 
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developnent by a "f Ive-natlon-chlrteen-coiipaales" consortlun is under 
study. The eonaortlva !• eMpMed of ••veral JapAMM Interests, the 

West Cerman Exploration und Bergbau, the Fisnch SoclStS du MSQ(S1MSSt the 
BRGM and the governaent of Upper Volta. 

Initial production may take place in the 1980's with 625,000 tone p«r 
year. About half of this will be exported to Japan, and small quantities 
to the United States, France, and West Geraany. From the data given 
above. It would appear that the wsjor pert of the prodoction at first 
will consist of chemical- and battery-grade ore. The project Includes 
developnent of power and water facilities and either the construction of 
a 3S3^«-ralIroad to Ouagadougou or haulage by trucks to the capital. 
There Is an existing railroad from Ouagadougou to the port of Abidjan 
(Ivory Coast), the total distance from the deposit to the sea being some 
1,200 ka. 



A.12.2 The Ttere Deposit 

This deposit is located some 270 km southwest of Ouagadougou, within 
10 km of the railroad to Abidjan. It occurs in low-grade metamorphic 
Birrlnian sediments (phyllites, tuffs, quartzitea), aasociated with 
sheared andesltes. Over a length of some 20 km toward Hounde, this 
formation contains occurrences of manganese oxides that are associated 
with spessartite-bearing quartsitas. Of theae oceurreneea, tha Hare 
deposit is the only one of any importance. It is on the crest of a small 
hill some 80 m above the surrounding plain, forming two lenticlea with a 
total lei^th of 500 ■ and a width of 15 to 30 a. A third, auch saaller 
lena la located farther southeast. 

Hie deposit was prospected by the French Geological Survey of West 
Africa and by the BICM, with aapplng, trenchiiig, and aoae tunneling, 
between 1943 and 1954. These investigations did not find any carbonate 
type protore. Pyrolueite, cryptomelane, and other Mn-ozides are the 
result of alteration of spessartlte-beariog quartslte. All transitions 
exist bettreen this gondlte and ore. Supergene alteration may have been 
facilitated by the presence of a strong east-west fracture system. 

Ihe supergene ore is high in silica (over 30Z SIO2), while the 

average manganese content Is between 25 and 30Z manganese. The ore 
includes two small lenses some 40 m and 25 m long, respectively, that may 
contain aeae 40 to 45Z manganese. It has been estlaated that if the ore 
could be successfully benef iciated , the possible tonnage of a marketable 
aanganese product could eventually be about 900,000 m.t. at 46 to 482 
aanganeee end 11 to 13X 8102* However, the proved reserves aaouat to 
only 300,000 o.t. and are reported to contain 30 to 45Z manganese. It is 
clear that this deposit is no more than a small resource* 
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A*12.3 Other Occurreocea of Manganese 

All other known occurrences of manganese are without any economic 
interest. Ihey are noatly mere showings of manganese oxides, often rich 
in iron. A deposit at Soukoura, for lMtatiee« eoatalas 29»5X ■angaiwe 
and 15Z iron. Other occurrences are known at Gonsponson, Kangoussi, 
Kakoi, Kori, Kayo-Koti» Bonlrl, Kalgo» Duo, and Kalyc-Kadeini. The 
cbaneee of locating another iaportant aanganeee oxide deposit of the 
volcanogene-aedlmentary type at the surface must be rated very low. In 
vlev of the conspicuous nature of nanganese oxides, which tend to 
aeenaiilate along hill crests, it aay be presuned that several deeadaa of 
prolactins does not leave much space for new discoveries. Theoretically 
one can speculate on the existence of hidden deposits of carbonate Ota 
that are below the surface and were never oxidized and enriched. 
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A. 13 zaue 

The Kl8eiige-Kamata->Kapolo deposits that were discovered In 1927 and 
explored in 1939 are located In the southwest of Shaba Province In 
■oatlwrn Zaire. Ihey are 28 loi to the southMat of tlie Taoke-Dllalo 
(Benguela) railway line. The ahlpplog dlatanea to tha port of Loblto 
Ba7» Angola la 1,484 kn. 

Mining of the oxide reserves from the Kiaaoga and Kamata Prinelfial 
deposits was started in the early 1950*8. The nines produced almost 
continually until 1977, the last year of exports* Stoppage was due to 
Internal piobleaa of Zaire and the pioblaaa of Angola, through which the 
Benguela Railway paaaea. 

At a nemal operetlng level, annual nine openn>lt ptoduetlon le 1.2 

million of material at a stripping ratio of 2.33 m^ of waste to 1 
m.t. of ore (W. A. Preston, British Steel Corporation, presentation to 
the Gbnalttee, Auguat 1979). Up to 1976, produetlon capability wee rated 
between 300,000 to 350,000 ••t. per year, of which 10,000 a.t. is 
chemical grade and the rest metallurgical. The average yearly production 
from 1956 to 1975 is about 328,000 m.t. Some carbonate ore was being 
produced. 

The initial proven reserve was given as 8 alllion m.t. at a nominal 
grade of 51Z aanganeee. In 1972 the eecond pit opened to produce at thla 
grade encountered a sharply defined oxide-carbonate contact at about 20 m 
depth. A third ore body which was opened by open-pit In 197 3, averaged 
51X nanganaae, comparable to the fir at two ore bodlea, but required 
selective aialng to aaintain thia grade. Tible A-24 ahowa production by 
grade. 

Beneflclation conaiated of a crushing, screening, and blending plant 
rated at 150 m.t. per hour of product and also a 100 tph heavy media 
plant to treat 35 to 42Z manganese grade material. The overall crude ore 
weight to product weight recovery la about 63X (W. A. Preaton, 
preaeatation to the panel, 1979). 

Ihe aanganeae deposit has been divided Into four sonea, naaely 

Kisenge, Principal Kamata, Kamata left side, and Kapolo. The ore crops 
out in the form of elongated hillocks of variable dimensions running in 
an east-west direction, with the relief due to the hard manganese-oxide 
capplngs. The silicate (gondite) and carbonate deposits are primary 
sedimentary deposits in a series of Precambrian serlclte schists and 
quartzites, with amphibolitic schists to the south that have been 
intruded by granite. PegnMtltie intrualvea exiat, both in the 
■ineralized manganese zone and to the south of it. The metasedlments are 
atrongly folded with variable dips to the south and have suffered medium- 
to higl^rade oetaaorphiaB. 
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TABLE A-24. ZAIRE HANGAHESE PRODUCTS GRADES AND THEIR ANALYSES (Z) 



Lumpy 

Type Mn Mn02 Fe Si02 AI2O P Size 



Grade R«A. 


50-57 


2-3 


6-7 


5 


0.13-0.12 


70K 


10-150 mt 


Gkradtt ft.AX. 


S5 


74 


1.19 


2.08 


4.80 


0.116 


ISX 6-10 


Grade R.C. 


56 


82.90 


1.18 


1.26 


2.30 


0.144 


15% below 6 


Grada 6.B> 


48-50 


70-72 


3.4 


6-7 


6.5 0. 


12-0.13 


1-10 


Garbooata 


39.03 


1.29 


0.83 


8.27 


n.a. 


n.a. 


10-150 M 



*Ca0 4.58%. MgO 2.00. LOI 27.96. Cu 0.0321. Nl 0.142X. Co 0.042X 
*Hiiior and traca alaaanta In tlia earbomata product, 
n.a. - not avallaUa 

SOURCES: Welaa, 1977; Doyea, 1973. 



The nanganeaa oxides, psllonelane, and pyroluslte, with lesser 
hollandita and polianlta, occur aa auperfielal* anrichad, reaidual 
cappings on either gondite (Kisenge) or aanianaaa carbooata (Kaaata)* and 

have vertical depths of up to 50 a. 

Ihe Kisenge silicate deposit is fonaed by alternating garnetiferoua 
and graphitic schists. The enclosing rocks are highly aetamorphosed 
quartzite and alca schists. The primary ore is represented by a gondite 
of a gamat aehlat tjpa that liaa a aanganaaa contant ImIov 2QK. 

At Kamata, drilling has encountered lenticular manganese-carbonate 
dapoaita la dapth. Iheaa atrika aaat^iaat and dip at 45 to 70* aouth. 
The manganese carbonate, which is primarily rhodochroslte, grades about 
40Z manganese* Graphitic carbonaceous matter and garnet are almost 
alvaya aaaociated with the carbonate. The carbonate tbat often contalna 
inelaalons of braunite, blxtgrite, and oanganlte, haa not been fullj 
developed by drilling. 

In 1972 the reserve (Preston 1979) was quoted as being 3.5 million 
n.t. of metallurgical grade ore at 42.85Z manganese, 120,000 m.t. of 
chemical- and battery-grade ore at 5A.16Z manganese, and 10 milllen m.t. 
of carbonate ore at 40K aanganase. It la aeauaed that the current 
metallurgical reserve is about 1.2 million m.t. of crude oxide ore. It 
Mas announced in ^ril 1977 that 8 million m.t. of crude ore, concluded 
to be carbonate reaourcup occura at 35 to 4CK maag—ee. 
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Hw OKldft on* art ntarly exhauated, Itat fpoulil aup|K»rt a nonul 
op«Tatioii for a little over t%ro years. Further oxide dltcovarlaa an not 
thought probable. Most of the carbonate deposits would require 
underground oinlog which, conslderiog thalr remote location, probably 
would be uneeoaoaleal. Ttm»m 4«potlta hvf not been fully explored. The 
allleate bodiee ere not probable producere of aangeneee* 
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FIGURE A-8. Manganese Mines in Africa 
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A. 14 PEOPLES REPUBLIC OF CRIMA 

China has been producing manganese ore for more than 60 years. The 
annual production for the last several years has been estimated by the 
U.S. Bureau of Mines at 1 mlllloii a.t. of plus 3CHE aanganese. Argall 
(1979) estimates that the Chinese production of ■•ngaiWSC for 1978 had 
300,000 to 400,000 m.t. of contained manganese. 

Principal production of manganese from the provinces south of the 
Yangtze River has been near Hslangtan and Nli^yuan in Hunan; Mukuel, 
Lalpln, and tfu-^auan In Kvangsl; Tftunyi in Kwiehow; Chin ^len and 
Fangcheng near the Luichow Peninsula In Kvangtung; and Chlenchl near 
Nanking* North of the Yangtze River the principal aanganese production 
has been fron lower-grade deposits at Wafangtzu in Liaoning Province, 
lha production cowa f nm a larga nmbar of aaall operationa* ptaauuUy 
umaehaaisad, that on the average produce 20,000 toaa per year each. 

China ia not an ioportant factor in international trade of aanganese 

ores for production of ferroalloys. About 90X of production Is conauaed 
doaeatlcally; this includes ferruginous manganese ore. It exports to 
Japan about 50,000 m.t. annually of ferruglnoua aanganeae ore with 25 to 
28Z Mn 17Z Fe , and somewhat high (0.2Z) P. Since little of the Chinese 
ore is high-grade, except minor production from enriched oxide sections 
of carbonate deposits, it Is to be expected that the Republic makes more 
aplegelelsen than f erromanganese. The carbonate ores are beginning to be 
calcined to nodules with 35 to 47Z manganese for local uaa* China la 
In^ortipg medium-carbon f erromanganese from Japan. 

The reserves have been estimated (Ikonnlkov, 1973) as "not lesa than 
130 million metric tons" of ore averaging less than 40Z contained 
■anganaaa* Varentaov (1964) eatinated the reaervea of contained 
manganese to be 44 million m.t. divided as follows: 28 million m.t. 
associated with the Slnian age rocks in Kiangsi and Hunan provinces; 4 
■illioii a.t. of manganese associated with the Rifian reeka of Liaoning 
ProviiiBe; and 12 million m.t. of aaiiganaaa with the carboniferous rocks 
of Kiangsi Province. All of those occurrences are associated with the 
orthoquartzite siliceous shale carbonate rock suites of platform areas of 
•odarate- to high-tectonic activity (Varantaov, 1964). 

Large reserves of ore quoted at tens of millions of tons of 
ferruglnoua manganese with cobalt and nickel ere reported in the Taunyl 
District in Kweichow Province. Also, the reserves at Wafangtzu In 
Liaoning Province are reported to contain 16 to 18Z Iron, thus placing 
thaa in the category of ferruglnoua aanganeae and excluding thea f roa the 
elaasification of manganaaa one proper. Of all the reserves, 63Z are 
located in the southern provinces. In addition to the quoted reservea 
that are associated with marine sedimentary rocks, there are other 
aaaller occurrencaa of aanganese in hydrothecaal-aataaoaatic deposits 
CroB which aaall tonnagea of 45 to 48X aanganeae have been produced* 
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In rttvl«wlm China's daposlta, It beenae appnrant tlwt a eenalderable 

amount of the material described was ferruginous manganese ore not within 
the charge to the panel. A Chinese review of the poaslbllltles of 
finding nor* and better depoaita auggaata that thara are niniaal 
descriptions of the pre-Revolutlon occurrences end that these received 
little methodical development in advance of mining. Post-Revolution 
discoveries have been better examined and described. Ihe Chinese believe 
thair beat poaalbilltlaa for high-grade or* aay «xlat in the auhtropical 
south, while the best chances for large, potential occurrences would be 
in the marine sedimentary carbonate deposits of several areas of China, 
both In the aouth and the north. Ihe r*a*rv* flgoraa rnault fnm a 
Judgment by th* panel regarding the anoont of aatorlal that falla within 
ita r«vl*H acopa* 

In conclusion, China's potential is not well known. If further 
discoveries result, there Is more likelihood that the larger ones will h* 
marine-sedimentary, probably more carbonate than oxide, and thus of 
rather low grade. The detaila of the nanganeae oecurreneea are Hated In 
the synoptic Table A-25, When using this table, the reader is cautioned 
about the identification and spelling of geographic place names that vary 
anong the quoted refaraneaa and vary between the older publleatiooa and 
the newer ones using Plnytn Romanlzatlon spellings. (The Plnyln 
Roaanlsation apelliogs are included with the Provincial names in the 
Synoptic Ihble A-25.) 
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A. 13 INDIA 

Coomercial mining of manganese ore started in India in 1892. The 
total production, from the beginning of operations until the end of 1978, 
can be estimated at some 77 to 82 million n.t. (including manganese ore 
produced In Goa). Hi* yearly output Increased irregularly from 675 m»t* 
in 1892 to slightly over 1 million m.t. around 1926 and stayed at that 
level until 1929. From then until 1930, it strongly oscillated between 
200 thousand and 1 million m*t. The peak year of production waa in 1953, 
with over 2 million m.t. Since then the yearly output has been between 
1.2 and 1.9 million n.t. It was about 1.83, 1.86, and 1.37 million m.t., 
respectively, for the years 1976, 1977, and 1978. Ihe yearly average 
production over the period 1892 to 1978 is 880,000 to 940,000 m.t. 

For many years India ranked number two among the manganese-ore 

producing countries of the world, being largely overshadowed by the 
USSR. Although Its yearly output since the last two decades has been 
maintained at more or less the same level, the quality of the ore has 
deteriorated signifieently. As a consequence, India has loat much of its 
importance as a world producer. At present it ranks number six after the 
USSR, South Africa, Australia, Gabon, and Brazil, which produce more and 
better grade ores and concentrates. 

Indeed, during the long period from 1892 to the present, the overall 
grade of the ore produced has gradually declined. Until 1950 the grade 
was still 47 to 32% manganese; then successively 40% or more, 35X or 
more, and finally an Increasing quantity of low-grade ferruginous ore, at 
less than 33% manganese has been part of the production. In 1973, for 
instance, 64Z of the output graded below 35Z mai«anese and by now this 
output figure may well have Increased. 

Considering the great number of manganese deposits all over the 

Indian peninsula, It is not astonishing that, for example, in 1967 there 
were 330 registered mines in the country. Thirty of these accounted for 
60K of the production. At present there may be some 300 mines, of which 
only 20 are major operations. Most of these are in Madhya Pradesh. As 
an example of state production. In 1972 Orissa supplied 31. 2X of the 
total output; Mysore 25.52; Madhya Pradesh I3.7X; Itoharaahtra 11. 3X; 
Andhra Pradesh 8.9%; Goa 6.8X; and Bihar 2.6Z. 



A.15.1 Exports— Local Consumption 

Until the early 1970' s, the manganese ore industry of India primarily 
has been export oriented. The peak year of export was in 1957, with 1.75 
million m.t. or almost 95% of that year's production. Examples of export 
figures for other years are ae follows: 1 million m.t. or 73% in 1961; 
1.2 million m.t. or 81Z in 1969; 1.59 million m.t. or 96% in 1970; 
862,000 m.t. or 52% in 1972; and 712,000 m.t. or 45% in 1975. 
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During these years the United States' share of India's export of 
iMiiganese ore and concentrates has drastically declined, fnm 44Z in 1961 
to 6.6X In 1967 to 1.3Z in 1970, and practically zero since then. At the 
same time, Japan's share has strongly Increased (401 in 1963, 59Z In 
1966, and 84X in 1971), ao that alnca the last deceda ttia hulk of the 
aiqiort. piinarily a farmginoua-aanganaaa ore* haa gene to that coontz^* 

In the late 1960* a to early 1970* s, India started to experience great 

difficulties as a manganeee-ore producer. High mining costa» long 
transportation distances, and inadequate handling facilities, coupled 
with deteriorating quality of the ore produced and depletion of reserves, 
made it Impossible to coapete with countries like Australia, Gtbon* and 
South Africa. Moreover, high-grade ore, even for domestic use, was in 
short supply and in 1972 had to be imported froa Ghana. As a 
consequence, in 1974 India banned the export of ore containing nore than 
46Z manganese (except for existing conmltment s) , while export of other 
varieties of ore vas progressively but strongly reduced In order to 
conserve oree to neet growing donestic deaand. During the fieeal year 
1974 to 1975, export of ores with 35 to 45% manganese were to be held to 
60Z of the 1971 to 1972 level. These restrictions have continued. 
During the fiscal year 1976, the Indian govemaent peraitted the 
government-owned Minerals and Metals Trading Corp* to export to Japan 
700,000 m.t. of mai^anese ore, 60,000 m.t. of "medium-grsde" ore (38Z 
msngsnese) , and 640,000 m.t. of low-grade ferruginous ore (Weiss, 1977). 

In the meantime, the local consumption of manganese ore in India 
increased constantly froa 600,000 m.t. in 1966 to 790,000 m.t. in 1972. 
It was 749,000 in 1973 which waa eoaprised of 345,000 a.t. for 
f errotnanganese production, 390,000 m.t. for Iron and steel, 12,000 m.t. 
for batteries, aiul 2,000 m.t. for other purposes. We may well expect 
that thia ineveaaing trend will continue hoiiever, and the role of India 
aa a aajor exporter of aangaaaee ore will be finiahed. 



A.15.2 Cheaietfy 

Several types of ore are produced, but are characterized by 
relatively high iron and pboapborua content a* Typical analyeee froa the 
thrse producing aceaa axe ahown in Tsble A-26. 
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TABLB A-26. TYPICAL A1ULT8BS OP IMDIAll OtBS (%) 





Mn 


Fe 


8102^ AI2O3 


f 


Madhya Pradeshl Maharashtra 








StandaBl pcrioxlds 


58.50 


2.75 


2.00 


0.32 


Dongrl ore 


51.00 


6.50 


4.00 


0.30 


Oriental mixture 


49.25 


7.50 


15.00 


0.15 


Other high-grade 


46-48 


9.00 


15.00 


0.15-0.20 


Medium grade - I 


44-46 


12.00 


15.00 


0.15-0.18 


Mediiui grade - II 


38-40 


12.14 


15.00 


0.15-0.18 


Mysore 










Hlgli-grade 


46-48 


10 


14.00 


0.10 


Medium-grade 


44-46 


10-12 


15.00 


0.10 


Lov-grade 


38-40 


18-20 


16.00 


0.10 




30 


16-17 


15.00 


0.08 


Orlssa/Blhar 










High-grade 


46-48 


9-10 


12.00 


0.10 


Medium-grade 


44-46 


9-10 


12.00 


0.10-0.12 


Low-grade 


38^0 


15 


15.00 


0.10-0.15 




30 


18-20 


15.00 


n.a. 



SOOICES Welae, 1977 n.a. ■ not analyM? 
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A. 15. 3 Ore Persistence Character 

Itoilgaiieae deposits in India are widespread and occur In the Indian 
Praeaabrian ahlald. Their geographical distribution is shown in 
flsure A-10. They aay be subdivided In two naln geological types. 

e Syngenetlc, sedimentary deposits in aanganiferous formations 
which comprise primary, bedded ore* These ace in Madhya 
Pradesh, Maharashtra, Andhra Pradesh, Orissa, Gu jurat, and 
Rajasthan (areas 1 to 5, 7, and 11 In Figure A-10). 

e Secondary, eupergene, epigenetlc deposit a • Iheee Include the 

so-called "later! told" Mn deposits. They occur In Bihar, 
Orlssa, Goa, and Karnataka (areas 6, and 8 to 10 in Figure A-IO). 

Transitions between the two types exist because supergene alteration and 
enrichnent have also affected the pciaary, syngenetic deposits. 



A.15.3.1 Syngenetic Manganeee Foraationa and Deposits 

Hanganeae concentrations, ranging from chemically deposited 
manganese-rich ore beds to chemical detrltal deposits of Impure 
manganlf erous sediments, have been laid down during the Precanbrian 
period in different areas and in different tiaee. They are part of 
sedimentary, nonvolcanogenlc series, each of which has been Involved in a 
cycle of sedimentation, followed by orogenesis, i.e., folding and 
■etanorphisa, often in different, superimposed phases. These events did 
not happen simultaneously In the various areas, but rather during at 
least three different, long periods. The Eastern Ghats cycle, involving 
deposits 5 and 7 (Figure A-10) ended about 1.6 billion years ago* The 
Aravalll cycle, affecting d^lMita 3, ^, and 11, took place between abont 
2 billion and 950 million years ago. Finally, the Satpura cycle, 
involving deposits 7 and 2, ended 846 to 986 million years ago. The 
■etaaorpliosed , syngenetic aanganiferoua fonsations of India are 
completely devoid of manganese-sulphide and of manganese-carbonate (apart 
from some epigenetlc rhodochrosite) • Apparently the sedimentation took 
place under atrongly oxidising conditions and resulted in chemical 
precipitation of low-teaperature, tetravalent aanganeae oaldea. 

During subsequent orogenesis and metanwrphisn (ranging from the 
chlorite to the sillinanite zone) different metamorphic manganese 

minerals were successively formed. The total primary ore deposits 
Include braunlte, blxbylte, hollandlte, hausmannlte, and vredenburgite. 
The prineipel metamorphic manganese mineral is braunite 
(3Mn203.MnS102) the first mineral formed, and persists from low- 
to high-grade metamorphism. It Is often present in two or three 
generetlons. The other minerala were fomed more or leaa eucceaaively 
after the braunite, during conditions of higher metamorphism, from the 
blotlte to the sillinanite zone. Thus, the nineralogical composition 
of the various primary ores is directly related to the grade of 
metamorphism, while grain size of the conatituent minerala ineveaaea 
with the grade of metamorphism. 
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Ihe Impure aaag^nlferous 8«41aeats, comprising chemically 
precipitated iMtigaiMmm-<»xld« mdMlmd with clay, silica, etc., ware 
metamorphosed Into spessartlte-rhodonlte-quartz assemblages (gondltes). 
According to original composition and grade of metamorphism, these may 
alao contain manganese-bearing oilcas, amphlboles, or pyroxenes. 
Maoganese-rlch parte reaulted In the lecel focutloo of Mn oxidee euch aa 
braunlte. The gondltes do not constitute ore because the Mn that ■ay 
represent some 23 to 30Z Is mainly in silicates and cannot be 
ecoaoaleally teeovered. 

Lateral and vertical variations and gradations exist from primary ore 
to goodlte, or goodlte to quertelte* The generally otrong folding end 
faulting, eventual younger Intrusions, and later weathering, oxidation, 
and local manganese enrichment have complicated or more or less obscured 
the original reletlonshlps In many placee* At preeent the prlmery 
deposits occur as conformable tabular or lenticular bodies of widely 
varying dimensions, often strongly folded and steeply dipping. Supergene 
enrlcheent of the manganese formations is always present in varying 
Intenaity* It prodoeed concentrations of high-irelency MOgaaeae oxidea 
mch aa cxyptoaalane* pyrolttalte» peiloaelane, and wad* 

The Madhye Fredeeh-Kehereehtre mengeneee helt (Ho. 1 on Figure A-10) 

Is the most important manganese area In India, forming a belt about 200 
km long by 25 km wide and containing some 200 scattered deposits of 
varying dlaenalona. However, the hulk of the produetlon and of the 
reserves is contained in only 20 deposits. The manganeae ore bodlea and 
associated gondltes are part of the Precambrian Sausar Group, a sequence 
of folded, faulted, metamorphosed, miogeosynclinal, argillaceous, 
arenaceoue, calcareous, and manganlferous rocks. Ihe manganlferous 
formatlonB occur essentially in the so-called Mansar formation In the 
upper-middle part of the group. They are associated particularly %rith 
■etaaorphoaed pelltlc aedlwente in three atcatlgraphically reatrlcted 
horizons. These contain concordant heda of oxidiCt ■aaaive manganese 
ore» gondltes, and quartzltes. 

The primary bedded ore consists of alternating layers of essentlslly 
hraunite and quartzlte from a few mm to a m thick and repreaenta original 
alternating layers of chert end aedinentary Mn oxidea diluted hy sand and 

clay. Due to the strong formation, the primary ore bodies occur, 
according to the local conditions, as folded layers or bands (up to aaqy 
km long), or as discontinuous lenticular bodies. The latter may form ore 
zones of over AO km in length* The width of most ore bands is 1 to 18 m, 
but due to folding may be up to 75 m wide. The length of the individual 
ore bodies is up to 6 k.m. In 1956 the ore depth was shown to extend at 
leeot 200 n vertically. In view of the tabular ahape and great lengthe, 

they may well extend much deeper. Supergene alterations have enriched 
both primary ore and gondltes, but secondary manganese oxidea are only of 
teal iaportance looally. 
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The largest manganese mine In the belt (and in fact in the whole of 
India) is the Balaghat mine (formerly kno%m as the Bharweli mine), o%med 
by Mai«amsc Or« India Ltd. (NOIL). It Is in « folded Uycr 2.7 In loi«, 
dipping eotne 50°, 5 to 10 m wide, and up to 45 m In the nose of a fold. 
There are three ore zones, six mining levels, and a 600-foot shaft. 
Annual production la about 75,000 n.t. of ova, bot aiottod 1975 only 5SX 
of the aanganoaa contont vaa cocovorod In th« concentrates. 

Mining in the Madhya Pradeah-tfaharashtra nanganasa belt started In 
1899. Over 90% of the production has been from primary ore, which la 
tuinly metallurgical hard ore moderately high in silica and phosphorus. 
Ihe higher-grade shipping ores contained (in 1956) about 48 to 32Z Mn, 3 
to 13Z SIO2, 5 to Itt Fe, and 0.07 to 0.30K P. The lower grades were 
reported to contain similar percentages of Fe and P, 44 to 48Z Ha and Up 
to 20Z S102* At present, these figures no longer may be exact. 

Most of the ore Is mined by open-pit, but important underground 
uorklngB exist, e.g., at the Balaghat (Bhamell), Gowarl Wadhona, Mansar, 
and Ukua nines. In 1956 most of the nines uere not very aechanised, but 
this situation haa been laproved soaewhst since then. 

According to the available data, the total production of the belt up 
to 1972 can be estimated at over 32 million m^t., or 4SZ of the total 
Indian production. The largest producer has persistently been the 
Balaghat district (517,000 m.t. in the peak year 1953), followed by the 
Bhandara district (210,000 n.t. In 1953), the Nagpur district (150,000 
ii.t. In 1953), and the Chlndnnra district (38,000 n.t. In 1953). 

Results of the aost recent detailed ore-reserve est lasts avallabls 

for 1971 are given in Table A-27 reflecting a total of almost 49 allllon 
m.t. of raservea (aeasured. Indicated, in£erted)for the Madhya 
Pradeah-Hataarasbtra district. A 1973 estlaate, after exploration 
drilling waa carried out, is 163 million m.t. of total reserves, but 
details are not available. These are In situ reserves, of which only 
soaa 50K can be recovered. Thus, it appears that the area can remain an 
iaportant producer for aany years. It should be noted, however, that 
these reserves are spread out over a surface of some 500 km^ and are 
eaaentlally contained In 20 major deposits. This manganese ore belt 
accounts for 8QX of all the high-grade ore produced In India and contains 
alaoat all known resenres of this type of ore. 



A.15.3.2 Other Miinganeae Depoalta of the Syngenetlc Type 

The deposits in the Jhabua district, Madhya Pradesh (No. 4, 
Figure A-10) in die Panch Mahal and Baroda districts, Gujarat (No. 3), 
and in the Banswara district, Rajasthan (No. 11), all occur In the 
so-called Aravalll Group (or in the equivalent Champaner Group) of 
Precaabrlan sedlaente. 
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In tb« Jhabua district only the Kalldongri depMlt Is of som 
Importance. The grade of the primary ore, oecorring la MVtttal steeply 
dipping ore bands over a length of 1 km, Is reported as AO to 45Z Mn, 10 
to 122 Fe, 9 to llX Si02, and 0.23 to 0.3U P. Between 1902 and the 
1960*a, about 1 «illlon n.c. of ore have been produced* Ihere axe no 
figures for reserves or resources In the district, but the latter ere 
without a doubt very limited* 

In the Panch Mahal and Baroda districts, about 50 bedded manganese 
occurrences are grouped in three or four different dusters. The 
individual deposits are up to 2 kn long and 17 n wide, and extend to a 
known depth of 170 m. Supergene alteration and enrichment is intense. A 
reported analysis of the ore, not necessarily typical, gave 44 to 50Z Mo, 
3.5 to 6Z Fe, 3 to 11% SIO2, and 0.26Z P. The deposits have been 
worked continuouely since 1906 by open-pit and more recently by 
underground nining. Total production up to 1974 is about 2.6 million 
n*t* At present the output has dwindled to a few thousand metric tons 
per year* In 1971 the reaerves were eetinated at 2.9 nillion a^t* 

In the Banswara district, the deposits extend a length of 20 kn and 
are small and rather low grade. They have been strongly subjected to 
supergene alteration* Total production since 1940 nay be only 75,000 
m.t. In 1969 reaervas were estinated at 2 million n.t. grading 28 to 46X 

manganese. 

The Gangpur-Bamra deposits in the Sundergarh (Bona!) district In 
Orlssa (No. 2, Figure A*10}, occur In highly folded mlcaschlsts and 
phgrllites of the Precanbrian Gengpur foraation, netaamrphosed during tha 
Satpur cycle. There are some 20 tabular, strongly discontinuous bodies 
of naqganese ore and gondite measuring up to 350 m long and 7 m thick* 
Prinary nanganeae ore (nalnly braunite) is only present in subordinate 
enouats* Most workable deposits consist essentially of supergene 
nanganese oxides. The deposits had been worked froa 1907 to 1933 and the 
area no longer appears to be of any importance* 

The Kalahandl-Koraput-Patna areas In Orlssa and the 
Srlkakulam-Vlzagapatam area in Andhra Pradesh (areas 7 and 6, 
Figure A-10), although separated, are In the same geological aeries and 
located in the Eastern Mountains (Eastern Ghats). They are part of the 
so-called Khondallte Series that stretches over a length of 500 km. The 
series represents sedinents of the Arehean age, including aangeneee 
formations that have been folded and aeteBBrpbosed into the granulite 
fades* 

The Kalahandl-Koraput Manganeee belt In Orlssa, 32 km long by 2.3 to 
3 km wide, comprises over 20 manganese deposits. About 160 ka to the 
norths the Patna area contains 18 deposits scattered in a sone aeaeurlog 
12 to 16 ka. The evailable deaeription of these deposits dates froa 1936 
whan all workings were still in the supergene zone, so that little is 
known of the primary bedded deposits. The ore bodies are essentially 
confoxaable tabular leneea eneloaed in clay and weathered aehists. 
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■easurlng up to 200 a long and 12 b wide* Some deposits are a nlxture of 
quarts and varying aaounts of nalnly aupergane Ma oxides. The ore Is of 

Inferior quality, mostly ferruginous, and high in silica and 
phosphorous. Ihe latest available estlaates indicate reserves of 1 
■lllloa m»t» In tlie Korapuc-Kslabsndl aroa. In the Rttna area, the 

reserves would be 600,000 ••t* at 25 to 34X manganese, 0.22 to 0.53Z 

phosphorus, and high Iron values. It appears that the deposits are 
merely superficial enrichments of lo«r-grade, primary manganese formation 
and thus they are of very little laportanee. 

In the Vizagapataot-Srlkakulam area in Andhra Pradeah, covering 750 
ka^, there are about 20 different ore bodies. The prlaary Individual 

deposits measure up to 700 m long, while the manganese horizons are up to 
some 10 B thick, (locally 50 m due to folding). Host of the ore is 
supergene enriched, but generally lov-grade and high in iron, silica, and 
phosphorus. Total production between 1892 and 1953 was slightly over 2 
nillion m.t., the maximum output being 136,000 m.t. in 1907. Apparently 
operations have been resumed In the 1960*8 and production of 134,000 
m.t., 110,000 m.t., and 90,000 m.t. has been reportod for the years 1965, 
1966, and 1972. In 1971 the total estimated reserves amount to Only 1.70 
Billion m.t. (see Table A-27) of mostly low-grade ore. 



A. 15. 3. 3 Epigenetic Manganese Deposits 

This type of deposit is alBOSt entirely secondary, consisting 
eaaentlally of the pailo«elana«-pyroluslte*^d type of oaoganese oxides 
that fom auperflelal replaeeasnt bodies In Precanbrlan shales, 

phyllites, cherts or dolonltes, or at the contact between iron fomation 
and phyllltF>. The ore has apparently been derived froB finely di^ersed, 
syngenetic manganese components in certain sedlnentary horizons. 
HDwever, In Mysore (Karnataka) , eonf ozaable, tabular, or lenticular 

bodies were found to contain some metamorphlc manganese minerals such as 
braunlte. These appear to have been formed from syngenetic, primary 
•edlnentary protore. 

The individual deposits are always saall, but in certain areas they 
can be very nuaevous* Indeed, over 50K of the aaaganeee ore reoervss of 
India appear Co be of the supergene type. In general, these ores are 
only aedlua- or low:grade. 

Ihe "lateritoid Mn oree" of India aleo belong to the epigenetic 
type. They invariably accompany and mostly overlie all other types of 
■anganese deposits, i.e., primary bedded ores and secondary replacement 
bodlee, ee euperflelal cavernous aanganeee ore thet reeeablee laterlte* 
They are always high In Iron and often grade Into manganif erous iron ore 
and iron ore. As opposed to most of the syngenetic manganese ores, the 
phosphorus Is generally low. Soae of the aore laportant areas containing 
epigenetic aanganeee deposits are described below. 
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The BoMi-Keonjhar^Utrlet (Ori«M) and Slnglibini (Bihar) (No. 6 in 
Figure A-10) deposits occur In a belt 60 kn long and 22 km wide. They 
are mainly confined to the shales and phyllltes of the strongly folded 
Iron ore series, which also Includes banded Iron formations and large 
iron ore deposits. There ere over 200 depoeits ffxwi 1 to 300 ■ long and 
up to 30 m wide. They are shallow, in general less than 35 m thick. The 
cog^>08ition of the ore varies widely fron 23 to over 40Z manganese » but 
only 30K of the total reserves ere in the letter category. The ore is 
ferruginous, total manganese and lion generally around SSZ and phoephoms 
varies from 0.083 to 0.12aX. 

The deposits are worked in a haphazard manner by pits and diggings up 
to 100 m long, 30 n wide, and 20 m deep. Some more regular quarries are 
worked by the larger coBpanies like Tiseo* Although we heve no detailed 
figures for ore prodoction and reserve estiaates. It Is likely that the 
Keonjhar-Bonai belt represents 90X or more of the total production and 
reserves of the state of Orlssa. Since the start of mining until 1974, 
about 10 to 12 million a.t. of ore have been produced. In the early 
1970*8, yearly production In the state of Orlssa was approxln»tely 
450,000 m.t. The total ore reserves In Orlssa In 1971 were estiaated at 
43.6 nilllon m.t., of irtiieh only a saall fraction is high-grade. Most of 
these reserves are in the Keonjhar-Bonal belt. In Singhbum, on the 
northern fringe of this belt, the yearly prodtictlon is only sround 20,000 
D.t. Most of the small, scattered deposits have been mined out. 

In Karnataka the deposits are very sinilar, though generally smaller 
than in Orlssa and Bihar. They occur in the Sandur-Beiiary, Shlmoga, 
and Horth Kanara arees (Hos* 8, 9, end 10 in Figure A-IO). Most depoeite 
are irregular bodies of laterold manganese, but some are conformable 
tabular replacement bodies, extending to depths of over 43 m. These 
apparently have "roots'* of syngwetic, primary protore. 

In the Shimoga district the total output eiaee 1906 probably has not 
been more than a few million metric tons, while the total reaerves in 

1969 were estimated at 1 million m.t. grading 35 to 45Z manganese. In 
the Ssndur-Bellary district, 100 individual deposits are known. They are 
tabular, bedded bodies below a capping of laterlte. They measure up to 
300 m long, 120 m wide, and 15 m thick. The total production since 1907 
may be 3 to 4 million m.t. In 1969 the reserves were estimated at 
800,000 D.t. with 39 to 34Z an, 1 to 5X Fe, and 0.01 to 0.03Z p. The 
reservee of similar deposits in North Kanara were estimated in 1969 at 10 
million m.t. with 47 to 54Z mn, 5 to 9X Fe, end 0.015 to 0.03Z p. 

The totel annual Nn ore production in Kemeteka (Mlfaore) from all 

these small, scattered deposits is still relatively important, rising 
from 140,000 a.t. In 1955 to about 500,000 m.t. In 1972. Total reserves 
were estimated at 15.25 milliott m.t. in 1971 (see Sthle A-27). 



Copyrighted malBrial 



241 



A*15*4 Keserws 



Ihe reserves of the various mangaaese ore deposits have beea assessed 
at various tlass. Hoiie'vvr, it la still extrwaly diffloilt to arrive at 
any firm figures on the basis of available data* Ovlng to the lack of 
adequate exploration by drilling and to the absence of adequate data 
about the average of the product in various deposits, a large part of the 
aaaeaaaents la still based only on surface obaervationa and atructural 
Interpretations. The figures given below should be considered with this 
In alnd* One nay guess that systeaatic exploration, which is going on in 
•OM areas, umj lead to Increased reserves In certain cases. 

The total proved. Indicated, and inferred reserves, as assessed hf 
the Geological Survey of Indls, Hsve been estlasted rsspectivsly at sou 

164 million m.t. in 1965, 182.8 Billion m.t.ln 1967, 112.49 ullllon u.t. 
in 1971, and 202 million a.t. in 1973. The increaae in the most recent 
figures may well reflect the exploration efforts mentioned above* 
Howsvmr, the 202 million ••t* totals mentioned are essentially la tlia 
category of inferred reserves. The reserve figures for 1971 as presented 
in Table A-27 appear to be the most acceptable on the basis of available 
data. 

In the nine years from 1971 to 1979 about 13 million m.t. of 
aanganese ore were produced, representing sbout 26 allllon a.t. of crude 

ore. Therefore, the reserves remaining from the 1971 total are 86.5 
million m.t* It is estimated by the panel that aa much aa 7QZ of the 
reserve total aay be ferruginous manganese ore. 

Although the state of Orlssa appears to have the largest reservea, 
practically all the high-grade reserves are located in the Madhya 
Prsdesh-Mshsraahtra manganese belt. The only measured , high-grade 
reserves are In this belt. It should be noted that these figures, as 
well as most other reserve figures given earlier, refer to in situ ore. 
If the average ore recovery can be est lasted at 50X (tsklug the Madhya 
Pradesh belt as an example), the recoverable crude ors reserves of all Of 
India in 1979 would be some 43.25 million m.t* 

According to "five-year plaas" dating back to the early 1970' s, the 
total requirement of msnganese ore for the period 1971 to 1983 would 
amount to 44.08 million m.t., compriaing 13.88 million a*t* of high-grade 
ore, 8*19 bIIUoa a.t* of aedlua-grada, aad 22*01 million a.t* of 
low-grade ore. In comparing these figures with the measured reserve 
figures of 1971, it is clear that the successful carrying out of the 
five-year plans Is far froa sure and that aueh exploration will have to 
be done to convert inferred reserves to the measured category. Moreover, 
important new reserves will have to be located if the maoganeae mining 
Industry Is to grow as predicted without depleting all rasarvas In lass 
than 20 years. 
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A.15.5 Goa 

CSoa, located on the west coast of India, has heen a relatively sasll 

producer of manganese and ferruginous manganese ores for many years. The 
yearly production data are now included with that for India; however, 
Goa's production froa 1955 to 1965 averaged ahout 132,000 «.t. annually. 

There are several, relatively small, open-pit nines, including 
Sanquen, Bieholen, and Quepan, that produce grades varying betwsen 25 and 
45% manganese. Production is on the order of 150,000 to 200,000 m.t. per 
year of ferruginous manganese ore and 20,000 to 30,000 m.t. of manganese 
ore (W. A. Preston, British Steel Corporation, presentation to the panel, 
1979). Typical analyses of the ore are showa in TsUe A-28. 
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The deposits, with pyrolttsite, psilomelane, wad, and iron ore, are 
lateritic ores snd occur as widespread, irregular patches of variable 
dloenslons. The deposits are found with iron formation and with 
quartzite and phyllite of the Preeaabrian Oharwar systsa. Davelopaant is 
by pitting and trenching. 

The reserves (Roy, 1973) In the working and nonworking wines were 

calculated by the Indian Bureau of Mines as 10 million m.t. containing 
39.07 to 78Z manganese. These grades seem to be too high in relation to 
the ore produced end probebly should be 25 to 49X wanganese. After 
deduction of the production since 1973, the reserve would be reduced to 
about 8.5 million tons. It is presumed that only about lOZ of this (850 
thousand a.t.) is a wanganese ore reserve. 
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A. 16 JAPAN 

1h« production of Baiigaiiese In Jat»an has been persistent but 

relatively small. It reached a peak in 1944 when 400,769 n.t. were 
produced. After a small decline and a second peak of 348,086 m.t. in 
1959, production has slowly declined to 125,038 a.t. in 1977. There ere 
many ore deposits throughout the Japanese Islands, but none are very 
large. In 1938, 239 mines produced 283,483 m.t. of metallurgical 
manganeae ore eoneetttretee. averaging 36X ung^neee, and 96 sinee 
produced 12,504 n.t* of battery and ehenieel oree amreging 701 Hn02* 

The manganese deposits of Japan nay be classified into several 
types* Hydrotheraal rhodoehroslte veins are the most important manganese 

ore producers. They occur mainly In tuff, tuff breccia, andesite, and 
rhyolite of Miocene age, especially in southwestern Hokkaido. The 
deposits are principally composed of rhodoehroslte, aaaoclated often with 
alabandite, sphalerite, galena, chalcopyrlte , pyrlte, and silver 
minerals. The two largest producing mines located in southifestern 
HoUcaido are Jbkoku and Oe (Helaa, 1977). Eech aine produces about 
60,800 m.t. of concentrate yearly at a grade of 25 to 30Z manganese. Ihe 
mines produce rhodoehroslte ores containing lead and zinc that are 
beneflciated by flotation, separating the lead and sine from the 
manganese. The principal vein of the Jokoku mine has a strike length of 
1 km, maximum width of 8 m and a down dip length of 350 m. Ihe Sensal 
vein of the Oe mine has a strike length of 1.5 km. 

Layered and lenticular deposits occur in Paleozoic and Mesozolc 
fonsatlons and are widely found in aouthern Hokkaido, on the Pacific side 
of northeast Japan, and in southwest Japan. The deposits are generally 
small, with small yearly production. Deposits of this type — manganese 
carbonate and oxide deposits and manganese silicate, carbonate, and oxide 
deposits— «re found in chert, quartsite, graywacke, schists, andesltes, 
basalt, and spllltes. The ore is usually composed of rhodoehroslte, 
maqganiferoua calcite, hausmannite, manganosite, braunite, alleghanyite, 
bementlte, rhodonite, tephroite, and sepssartlte. Ratine of constituent 
■inerala are highly variable in individual depoelts, but uaumlly 
carbonate minerals are predominant. The supergene minerals are 
pyrolusite and psilomelane and often form higher-grade manganese ores 
that fill fissures end gsshss in wall rock. All the deposits srs 
accoapanied by thin, residual minsrslisation. 

Small ■anganiferotts hematite deposits are found in Hokkaido, northern 
Japan, and the outer zone of southern Japan* Ihe deposits have grsdes of 

5 to lOK nn and 30 to 35Z Fe. 

The 1957 reserves of sMtsllurgical manganese were given as 5.6 
nillion m.t. with an average grade of 27% manganese (larger percentagea 
occur in the Hokkaido vein deposits) and 91,400 m.t. of battery- and 
ehemical-^rade orea with 62Z ■aaganese dioxide (60 mines) (Geology and 
Mineral Resources of Japan 1962). In the 20 years since 1957, over 5.3 
million tons have been produced. Unless other deposits have been found 
and brought into production. It is concluded that only sasll reserves 
rsMln. 
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Iheve la a wBote possibility of finding Ulnd neln dopoaltt* The 

majority of the Japanese manganese deposits are the layered and 
lenticular deposits. These deposits sre generally small in scale » lov in 
grade, and difficult to bsMficlate. Howeyer, It la presuned that even 
if more deposits of this type are found, the resource would not be 
Significant. Japan ia not liated in the Reaotircea lablea 3-7 or 3-8. 
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A. 17 TURKEY 

MangMMM deposits an Mportsd tvcm a wmhn of loeolltloo 

throughout Turkey. The principal area, which currently produces about 
80X of the country's aaoganese, is in Catalca in northwestern TUrke^ 
•tout 50 loi west of Istanbal* Kofeienees to aanganese oeeumnees la 
Turkey go back to 1900; however, the maintenance of mineral records of 
the Turkish Republic did not start until 1923. Production rates have 
varied over tha yaara, but the rata In 1978 was reported to be 60,000 
a.t. Consumption was largely dooestic* An expansion to 150,000 tpy by 
1980 has been projected (W. A. Preston, British Steel, presentation to 
the Coaunlttee, 1979) > Product grades varied from 34 to 38Z manganese, 
with variable S102~Al203 contents and variable but high sulphur 
contents. The ore occurs in relatively flat-lying bedded deposits, 0.4 
to 1.0 n thick, associated with Eocene sediments consisting of shales and 
aaadatonea. Overbnrden thickneaa averagea 3 ■ and rangea up to 20 
Mining Is by open-cast and recovery is lOOZ. The manganese beds appear 
to be persistent laterally. Reserves are listed as 1 million m.t. 
■aasurad* 3 allllon m»t» Indicated, and 10 allllon a^t* Inferred* 
Benaflclatlon eonslats of alaply eruahlng and/or aexeanlng (Preaton, 
1979). 

A ferruginous manganese deposit having an average grade of 15* 5X nn 

and 24. IZ Fe , located at Ceyhan In southeastern Turkey near the 
Mediterranean port of Iskenderun, has supplied the local steel industry 
for many yeara at the rate of several thousand tpy* leserves are 
indicated to be substantial and although not quantified could aupply 
30,000 to 100,000 tpy (Preston, 1979). 
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ADSTIALIA 

A. 18 A08TBALU 

Prior to production from the huge manganese ore deposits at Groote 
EyLandt In 1966, much of Australia's nanganese requirements were supplied 
fioa snail deposits, nalnly in western Australia. Ottier deposits were 
exploited in past years in Queensland, New South Wales, Victoria, and 
South Australia* Some small, superficial deposits in the Northern 
Territory supplied manganese for the uranium ore benef iciation process at 
Run Jungle. Anotber source of supply was a byproduct from the production 
of zinc concentrates at Broken Hill, New South Wales. Since 1966 
Australia's largest manganese production has come from Groote Eylandt in 
the Northern Territory* 

With the exception of the remote Western Australian deposits some 
1,100 km from the coast, most of the Australian deposits have been mined 
out or are too small for any mining activity. Mining of the Western 
Australia deposits, mostly from deposits in the Peak Hill goldfield end 
the Pilbara district, occurred mostly during the 1950' s and early 
1960'e* Western Australian reserves were estlmeted in 1959 at 3.8 
million tons of plus 40Z manganese ore and 3.2 million tons of 30 to 40X 
manganese ore (de la Uunty, 1963). Until 1961, 293,000 tons were 
produced from the Peak Hill deposits and 141,000 tons from Pilbere. 

Groote Eylandt, with a current annual capacity of nearly two million 
tons of product per year, exports most of the product to Japan, Europe, 
and the Onited States. Some 180,000 tons per jrear supply the Broken Hill 
Proprietary Co. , Ltd. (BHP) ferroalloy plant at Bell Bay, Tasmania. In 
1977 Australia ranked third in production among the free market countries 
after South Africa end Gabon, and ranked second after South Africa in 
mangeneee reserves end resources (DeHuf f end Jbnee, 1977). 



A. 18*1 Qroote Bylendt. Morthem Territory 

Groote Eylandt is in the Gulf of Carpentaria about 30 km off the 
coeet of Amhem Lend in the Northern Tterritory. Mengeneee wse flret 
reported in 1907, but the economic significance of the deposits was not 
recognized until geologists of the Bureau of Mineral Resources visited 
the island in 1960, followed by BBP geologists in 1962. A wholly owned 
subsidiary of BHP, the Groote Eylandt Mining Coapeny Pty. Ltd. (GEMOO), 
began production in 1966. 

The deposits developed as a layer up to 15 m thick in the Lower 
Cretaceous Mullaraan sediments. These are composed of clays, quartz 
aaods, quartzite pebble gravel, and manganlferous marl, in addition to 
mangeneee oxide (Mcintosh et el., 1975). Iheee beds, dipping gently to 
the west, unconf ormably overlie the Middle Proterozoic Groote Eylandt 
bede consisting of 180 n of crosa-bedded sandstone. Lower 
Proterosoie*Archean gnelae underlies the Groote Eylendt beds* 
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Manganese ore Is known to occur over an area of ISO km^, mainly on 
the west side of the Island. In the mining area, the ore beds average 
about 3 m In thickness. Sandstone and clay overburden may be as much as 
15 m» but average 3 m. Seven aajor on types aie deecxlbed es follow 
(Mcintosh ct 1975): 

1. PI soli tic ore - pisolites and oolites ranging fron 1 to 13 «i in a 
matrix of clay or fine pyroluslte powder. The pisolites are generally 
fonaed of alternating shells of cryptonelane and pyroluslte* 

2. Ceaented pisolites - pisolites ceaented in a natrlx of laterlted 

sandy clay or manganese oxides. Where manganese oxide CSaent Is 
pervasive » only the pisolite texture can be seen. 

3. Concretionary ore - boulders, cobbles, and pebbles that nay bsvs a 
colloform or faint pisolitic texture. 

4. Textureless ore - nassive beds of boulders and cobbles with sou 
relict pisolitic texture* 

5. Sandy and siliceous ox« - boulders, cobbles, and pebbles with 

disseminated sand grains constituting more than 20Z by volume; most 
conmonly found at the base of the ore bed in contact with the Groote 
Eylandt sandstone. 

6. Disseminated ore - alternating layers of pisolitic or textureless 
ore and sandy clay or clay; also, disseminated pebbles or cobbles of 
■anganeee oxide in a clayey matrix that is acre than 30X by volume. 
Generally, this ore is highly laterlzed (coated with liaonitlc day), 
especially when it is above the main ore bed. 

Pilot plant washing tests Indicated that the laterlzed ores occur 
nearer the surface and are more easily cleaned by scrubbing than the 
deeper clayey ores (Berry, 1966). Manganlferous warls containing as nneh 
as 20% rhodochroslte lie below the manganese oxide bed (Melntoah at al«, 
1975). The weathering of the marls Is the probable source of the 
manganese oxide that was deposited In the presence of marine f oramlnifera. 

The formation of these deposits in a marine environment appears to 
have produced a pisolitic type of ore of exceptionally high grade. The 
pisolites grade 52Z manganese or more. Although they are similar in 
appearance and texture to the piaolltes formed in the Isterite zone near 
terrestrial manganese deposits under tropical weathering condition, they 
contain more manganese and the iron content is only 2%, Pisolites formed 
in e terrestrisl environment seldom grede more than 3(XC manganese end they 
contain relatively high amounts of iron, silica, and alumina. The 
coalescence of these pellets into boulders and cobbles at Groote Eylaodt 
suggests that the manganese ores were subjected to a continual process of 
mobilisation and enrichment of the manganese. Mcintosh (1975) states thst. 
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The general configuration of the ore body shows that textureless and 
cenented plsolltic oxe types occur near, and west of, the sandstone 
Inllers and along the baaln aargina but that looaa plaolltaa 
accumulated In the basins east of the sandstone inllers where gently 
agitating conditions appear to have existed. The cenented piaolltic 
ore may have foraed by renobillsatlon of aanganeae during rnwDrklng 
of loose pisolites but evidence of rennant plsolltic texture In 
textureless ore indicates that these two ore types could have been 
fomed by reoobillzation of manganese during dlagenasls. 

The cross sections presented by Mcintosh (1975) show that much of the 
loose plaolitlc ore lies below a capping of textureless ore, or that the 
extension of the loose pisolite layer Is now coapletely occupied by 
textureless ore. It seems reasonable to conjecture that the pisolites 
represent original concentrations of the manganese oxides and that have 
Indeed been reworked, but under weathering conditions above sea level* 
Ihe siliceous plsolltic and concretionary ores near the base of the bed 
may represent the original manganiferous oxide sediments that, becsuse Of 
their depth, were subjected to less weathering, with attendant 
•oblllsatlon of the manganese and replacement of Impurities* 

The ultimate origin of the manganese in the sediments Is rather 
speculative, as is true of most major deposits of manganese* Mcintosh et 
al. (1975) demonstrated the marine origin of the deposits at Groote 
Eylandt by showing that marine forarainifera are present beneath, within, 
and above the oxide ore bed. As they noted, minor deposits of manganese 
oxide form thin espplngs on dolomites, sandstones, and cherts of the 
Lower Proterosolc McArthur Group In Northern Australia. The erosion of 
such low-grade manganiferous rocks may have provided the manganese that 
was concentrated In the rhodochroslte of the bssal manganiferous marl* 
The marl, under later weathering and erosion, could have been the source 
of the manganese that was further concentrated as oxides In the shallow 
sea surrounding the knobs of eroding marl. As conjectured above, 
additional concentration of the manganese oxides resulted from 
weatherii^, perhaps under more humid tropical conditions than those 
prevailing now. 



A. 18. 1.1 Production and Chemiatry 

Production began In Kerch 1966 trlth shipments to the BHP ferroalloy 

plant at Bell Bay, Tasmania. Early production was at the rate of 200,000 
tons per year and by 1976 production had increased to 1.967 million m.t. 
(Skllllngs Mining Review, 1977) per year. Total product shipments 
through 1979 are reported by the company (Rice, 1979) as 13 million m.t. 
which corresponds to an overall recovery of 47Z of the crude ore mined, 
the metallurgical lump ores grade ^9t Mn, 3.3X Fe, 5.8Z SIO2, 3.5X 
AI2O3, 0.09X P, 2.50Z K2O, O.IOZ CaO, O.SOt BaO, and 0.2QX Na20 
(Mcintosh, 1975). Other products Include premium natural pellets with 
522 Mn, siliceous lump with 43% Mn and 13Z Si02, high-grade 
Intenmedlates with 43Z Mn, low-grade Intermediates with 39% Mn, 
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premlua-grade fines with 53% Hn, and low-grade fines with 37X Mn. Rice 
(1979) stateB that sinter fines reserws an larga and Chat « new htmvj 
■sdiiM sxpsnsion will double the production of fines products while at 
the sam tlae incnasing the product grade. 

Wning ia preceded by etripplng of the overburden with open-pan 

scrapers and separation of the top soli and waste. Following extraction 
of the ore bed, the waste and top soli are replaced. The ore Is blasted 
and hulldoscd into elongate heapa along the length of each nlning cut« 
The broken ore Is loaded by rubber-tired, front-end loaders Into 32-ton 
rear dump trucks. In 1973, the average haulage distance to prloary 
crushing facilities was about three kilometers (Berglln et al., I973)i 

In 1971, the wet screening plant was replaced with a new plant 
consisting of two drum scrubbers, two classifiers, and eight cyclones 
that produce a fines and an intamadiata product. Fart of the fines 
product Is further cleaned In an 80-ton-per-hour jig section. The plus 
12 nm discharge iron the scrubbers is cleaned in a ferrosilicon heaify 
iMdia eireuit containing a primary and a secondary drua separator. The 
primary separator produces high-grade lump product and the secondary 
separator produces the siliceous lump product. Slimes and minus 0.5 am 
tailings are removed in the scrubber circuit and the coarse float produce 
Is wasted in the heavy aadla circuit* The avsraga recovery of luap ors 
froa the crushing and screen plant from 1966 to 1972 was 50. 8X and 
recovery of intermediate product was 22. IZ (Berglin et al. , 1973). Ihe 
cleaned nanganesa ors is hauled 16 ka to atocl^ile arsas at Milnar B^. 
Ship loadings of aora than 42^000 tons are poaaibla at tha miner ore 
loading Jetty. 



A. 18. 2 Reserves 

No absolute total reserve of aanganeae ore has been publiahed, 

although Rice (1979) states that they are at least 300 million m.t. 
averaging 40K manganese. As noted a bove» manganese mineralization is 
reported to extend over an area of 150 ka^ (Mcintosh, 1975). In those 
areas tasted by drilling and alning, the ore bed averages three meters in 
thickness. Without presenting a specific ore area, grade of ore, or 
recovery factors In the benef Iciatlon process, Mcintosh nonetheless 
astiaatad rasarvas of ore aa follows: 

Proved Potential 



Maaaiva ore 130 aillion tone 200 aillion tona 

Looaa piaolitaa 60 aillion tona 100 aillion tons 

There seems to be no reason to doubt the accuracy of the order of 
aagnltude in this estimate, although there is no indication of grade. 
Preston (British Steal Corp. , personal conaunication to tha panel on 

September 18, 1979) delineated the ore body to include only that held on 
GEMCO mining leases, which cover approximately 32 km^. Using an 
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average thickness of 3 m and a density of 3.3, he calculated a crude 
reaervtt of 317 allllon torn. This he converted to 150 nlllloa teaa of 

cleaned metallurgical lump ore running A8Z aenganese. This nay be 
considered a measured reserve. Preston's figures indicate a weight 
recovery of 47>3X for the lump product. If the total mineralized area is 
tekea et 150 kn^ ^^d GBM0O*e area of 32 km^ is mibtraeted, tliexe 
still appears to be an area of 118 with substantial potential 
reserves, if Mcintosh's (1973) figure of 150 ka^ is correct. 

In lieu of specific exploration data outside the GEMCO area» a 
conservative approach would be to assume, based on known geologic 
conditions of considerable Interlaying of sandy shales and other 
■atexlals, that the discontlnuoua ore bede averege 1 a in thlekneM over 
an area of 50 km^. Assuming a density of 3.0 (i.e., lower grade of 
crude) and a recovery factor of 42Z (arbitrarily selected), the yield 
would be 63 allllon tone of 4tt luap product* Thle aay be conaidered «n 
Inferred leeerve* 

There aay be edditional resources In extenslone of the ore bed to the 
west beneath the Gulf of Carpentaria. However, there la Ineuffleient 
data to assess this potential. For the sake of presenting a complete 
story, a quantity equivalent to about one-half the total inferred 
potential of 63 allllon B.t.» or about 32 allllon a.t., alght be edded aa 
a hypothetical reeouree. 

In euaaary, tha raeerve eltuation for all of Groote ^landt le ae 
followe: 

Million a.t. of Product at 48X Manganese 

Hypothetical 

Measured Indicated Inferred Resource 



150 (See text) 63 32 

Although no reserve is included in the "Indicated" category above, it is 
reaeonable to expect thet eoae of the "Inferred" reserve has been 
adeqtiately demonstrated and should be presented under "Indicated." There 
are no exploration details available to derive such a number. The 
eonteined manganese in the 213 allllon a.t* of product» ehoan above ae 
measured and inferred ore, checks well with Klce*B (1979) figuia after 
recognising some recovery losses* 

The use of an average thickness of 1 m over an area of 50 km^ is 
arbitrary. The further assumption is made that the stripping ratio will 
be low enough to permit economic exploitation. In this connection, the 
BHP Rtaphlet (1980) etetes thet one of the "fectore" determining the 
location of the three areas of the ore body currently mined "...is... the 
depth of overburden and nature of the alning conditions, which allow 
eeottoalc alning of the ore reeouree* ** This suggests a recognition that 
in some places the strip ratio may be too high for economic open-pit 
mining . Material in the high strip ratio areas may add to the above 
resource figure and reduce the reserve figure correspondingly. 
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SBCnOH B 
MINOR SOUBCBS 



This section contains pertinent data on numerous ainor sources of 
■angAMM, as coapllad by th« panel* As was done In Section A, the 

listing is geographically by continent and alphabetical for all countries 
knovn to have manganese. The panel has attempted to be as complete as 
possible, but obviously some omissions may have been made. All in all, 
the total manganeae from all theae sources Is of significance locally, 
but does not currently affect the world totals discussed in Section 3.6 
of Part 1, "Assessment of Major Manganese Reserves and Resource*" As was 
done In Bsrt t. Major Sources, the symbols on the naps deacrlbe the type 
of ore deposit involved in the approximate locetion: A Is a minor 
producing mine; * is a potential mine* 
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North America 




1. W<>odst<Jl^k.,,J^ew Brui^iswlck 

2. Aroostook, Ma 

3. Artillery Peak, Arfizona 
A. fcatesvllle, Arkan$as 

5. ^'Chamberlain, South Dakota 

6. Guyana Range, Minnesota 

1. San Juan Mountain/s, Colorado 
8?--0riente Province j Cuba 



■Imopin 

I COSTA ttlCA%l^/BMj^ 

I COLOMBIA 



FIGURE B-1. Potential Mines in North America 
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NORTH AMERICA 



B.l CANADA 

The most Important deposits of manganese In Canada are of a primary 
sedimentary type that are found Interbedded with sedimentary rocks of 
Cambrian age In Newfoundland and of Silurian age In New Brunswick. 

The gently-dlpplng manganese-bearing beds that are In Middle Cambrian 
llmestonet breccia, and shale are exposed at several localities along a 
strike length of about 6 loi in the Arelon Ftnlneula end around Gbneeption 
Bay, Newfoundland. Manganese carbonates and oxides occur as nodules, 
diaaenlnated lentlcles in the shale, and aa massive* generally thin 
bade* The prlaery manganese carbonate la more or less surfidelly 
altered to pyroluslte and In soae places eecondary enrlchaent In 
manganese oxides has occurred. The manganif erous zone seldom exceeds 3*6 
m In thickness of 12X manganese* At Manuels Brook, bulk samples 
representing e width of 3*05 n of noduler shsle contsined shout lOX 
manganese and 5.SZ iron. Samples across widths of 1*77, 2.38, A. 09, and 
1*80 m contained 11*5, 10*73, 8.29, and 10.33Z manganese respectively. 
At Brlgus South Head on the west aide of Conception Bay, a bulk sample 
from the central 46 ca of a ■anganiferous sons contalnsd 33*3SX Mn, 3*80X 
Fe, and 18. 6Z S102« 

In the Vbodatoek area of New Brunswick, ■anganese oeeurs in 

slllcifled slates and as manganiferous hematite iron formation. The 
nanganlferous hematite Is cut by quartz stringera, veiolets of 
rhodoehroslte, end stringers of piedsontite. Minor axinite also occurs* 
lha eilieifled slate contains rhodochrosite or manganiferous alderite, 
manganif erous chlorite, and heastlte with subordinate SMOunts of aadnite* 
piedmontite, and rhodonite* 

The In-place resources in six deposits west of Woodstock are 
estimated at 193 million n.t* %rith an average grade of 13Z iron and 9X 
■anganese. These subasrglaal resources would be ained principally hf 
underground asthodst with an expected recovery of about 70Z. 
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The prlnelpAl unganese oceurirences are In south-centnil Orlentc 

Province within a radius of 50 km of the port of Santiago* The manganeae 
occurs both as bedded and Irregular, nonbedded deposits associated with 
the volcanlcs and limestones of the Cobre formation of Paleocene-Eocene 
age* The bedded deposlta contain the largest reaervaa and are generally 
found within the upper part of the Cobre formation. The bedded deposits 
are syngenetic, whereas the nonbedded deposits are associated with later 
faulting. The atrlke length of the largest bedded deposits ms 1000 to 
5000 m. Surfldal deposits of manganese are scattered throughout the 
area. Ore grades on some of the larger bedded deposits were less than 
20K manganese and in the nonbedded and surflclal deposits they range up 
to 40 to 50Z manganese. A reported 90% of the mine production has COSM 
from the bedded deposits and 4% from the surflclal deposits. The 
manganese minerals Included the primary oxides of the psllomelane group 
and thm secondary oxldss as aangsnlte and pyioluslts. Silicates were 
reported in some deposits, tnit not carbonates* 

During the early 1950*s, the annual production was about 200»000 

m.t. The last reported exports of manganese ore were 15,A56 m.t. In 1969 
(BOM, 1969). In 1972 It was estimated that 2.8 million m.t. of Mn units* 
occur In the Province of Orlente (W. A. Preston, British Steel 
Oorporatlon, presentation to the penel, August 1979). The potential 
manganese areas have been extensively prospected and the chances are 
marginal for the discovery of any new large deposits* Cuba is not listed 
in the Eesoniee Tsblea 3-7 or 3-8* 
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*"Mangane8e units," a eonmonly used mining and mineral purchasing term, 
is one percent of the manganese metal contained In an ore. A metric ton 
of ore containing 48 percent manganese would have 48 units of mangenese 

of 22.05 pounds each. 
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B.3 UNITED SUIBS 

The United States wms a continuous producer of oianganese ore until 
1973, the last year of reported production. The production figures 
ladieate a coatlmiAl decline froa 1957, when 332,426 m.t. were produced 
at • grade of M¥% aanganese to 1973 with 31,000 m.t. The aajor 

manganese resources are found in six regions (locations #2 through 6 In 
Figure fi-1) of the country and the tonnage and grade of theae deposits 
ate sunaKlied in Tahlm 



TABLB B-1. MAJOR POnNTIAL NAWSimSB IBSOURCBS VITHIM THE UMIIBO 8TAXB8 



Imnonrce 



Amount of 
OreCMllllon 



Manganese content 

Contained Mount 

Mnqganftsc (Million Iron Content 

(garcent) ■.t.) (Psrcent) 



Aroostook County, Maine 
Maple Mt.-Hovey Mt. 260 
North and South 



Districts 
TOTAL 



81 

341 Avg 



8.9 23.2 

6.0 to 12.0 7.1 
9 30 



20.7 
17.0 
20.0 



Artillery Peak, 
Arlsone 159 

Bates villa, 
Arkansas 178 

Chaaberlain, 
South Dnkota > 2,000 

Ciiyvsn lange, 
Minnesota 247 

San Juan Mountalna, 

Colorado 44 



3.9 6.2 3.0 

4.0 7.1 1.0 to 3.0 

'*-0.6 ^12.0 ^1 

8.0 19.7 32.0 

8.0 3.5 low 



: Data from National Materials Advisory Board, 1976. 



B.3.1 Cuyuoa Range. Minnesota 

Iha aanganase dapooits of the Gnyvna Bango, Minnesota repvaaant the 
most promising resource. The manganese occurs predominantly as carbonate 
and oxide minerals that are amenable to processing by hydrometallurgical 
■ethoda, but ara not aaanabla to phyaical banaf ieiation natheda. Iha 
dapeaita aia ataaply-dipping, eoaplaxly folded, and erratically oxidised 
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In varying degte** to depths of as meh as 150 « or sore below the 

surface. "Hie potential manganese resources are predominantly of three 
types: 1) unoxldlzed, thin bedded iron fomation (or "carbonate slate") 
with ■aaganoealdtsj 2> oxidised dsrlvatlvss of "1* with nsngsnlfsrous 

limonite, manganlte, and psilomelane; and 3) oxidized, thick-bedded iron 
formation coaposed largely of thlck->bedded cherts with aanganese oxides. 

Bsesuss the aanganese minerals are interloeksd liftiMit«ly with ths 

gangue minerals, attempts to beneficiate the manganese ore were not 
encouraging. Laboratory tests indicate that a high-grade concentrate can 
bs obtained, but with very poor recovery. The deposits are 
conservatively estimated at 247 million m«t» averaging 8^ manganese and 
32X iron, using a cut-off of 21 manganese* Of the 247 million tons, 142 
nllllon m.t* are eontslned In 9 Individual bodies ranging froa 3 to 47 
■llllon a.t* with average grades ranging fnm 6 to lOX aangsnese. 



B.3.2 Aroostook County, Maine 

The significant manganese deposit in Aroostook County, Maine Is 
located et Maple Mountaln-Hovey Mountain. The deposit occurs es a 
■anganiferous (silicate) sedimentary series of hematitic slates enclosing 
« handed hematite horizon. The rocka are complexly folded with some 
faulting. Particle else Is extremely fine, with Intimate admixture of 
the minerals so that physical benef icletlon methods cannot be applied 
successfully. Braunite with hematite apparently Is the principal 
manganese mineral. Rhodochrosite occurs with these two minerals aa well 
as la Ismlnse free of them. The central banded hematite contelas 123 
million m.t. of material, has an average thickness of 17.3 m, and 
averagea 11.2Z Mn, 23.92 Fe, 0.9Z P, 23. 4Z SIO2, and 7.61Z AI2O3. 
The manganlferous hematite slates on either side of the bended heaetlte 
are estimated to contain 137 million m.t. and to have an average grade of 
6.82 Mn, 17. 9Z Fe, 0.7Z P, 36.0% Si02, and 11.43% AI2O3. 
Cryptocryatalline apatite is a constituent of the manganese-bearing 
foraetlons. 

The Strateglc-Udy ameltlng process is described (Noman and Klrby, 
1962) as being generelly applicable to ferruginous manganese ores end 
low-grade ore concentrates assaying from 10 to 15Z manganese. In the 
process, the phosphorus leaves the manganese and alloys with the iron, 
irtileh is oxidised in a succeeding smelting operation to produce a 
low-phosphorus Iqgot Iron and a high-phosphorus slsg. 

Deposits in the northern and southern districts of the county that 
could be mined by open-pit consist of asngenlferous chlorlte-earboaste 
rock or slate almost free of hematite. The manganese occurs as 
manganiferoua ferruginous carbonates with possibly some bementlte. Ore 
deposit Is s very fine-grained aangaalferous heaatltlc shale, with 
manganese occurring as breunlte In dense eggragetes with lion oxide and 
calcitlc carbonate- 
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B.3.3 laf vlll«. Arkan— a 

Hi* raaidual clay d«potits of tetaavllla, ArlwiiMa hav« pvo4iie«d 

298,000 m.t' of manganese ore and 232,000 m.t> of ferruglnoua manganeM 
ore- Production ceased In 1959. The remaining clays do not wsrrant 
furttaar eoaald«ratlOii< The protore is a gently dipping limestone with a 
■anganifarotts sona chat rangas In thickness froa about 3 to 15 n. 
Rausmannite and braunlte are disseminated In a calclte gangue and also 
occur as replacenent pods or lenses up to several centimeters thick,. 
Saall aaounta of rtiodochroolta ara alao praoanc* 

B.3.4 Artillery Peek, Arltona 

The Artillery Peak, Arizona deposit, which Is considered not to be a 
promising resource, consists of oanganese oxides as part of the cementing 
Mtarlal of aandatona and In Intarealatad clay bada. The nanganeaa 
occurs In two stratlgraphlc zones separated by 228 to 305 m of 
essentially barren material. Only the upper zone was considered in the 
tonnage eattuta* ilboat 250,000 m.t* waa mined prior to I960, whan 
production caaaad* 

B.3»S San Juan Hountalna, Colorado 

The San Juan Mountains, Colorado deposits that are made up of 
rhodonite with minor rhodochroalta and ara cloaaly aaaoeiatad with 

gold-silver and lead-zlnc-copper sulfide mineralization in numerous 
large, steeply-dipping veins have a very small potential and are not 
llatad In laaooica Hsbla 3-8. 



B.3.6 Chamberlain, South Dakota 

The Chamberlain deposits In South Dakota are very low grade, 
averaging about 0.6Z manganese. The manganese occurs mainly in the form 
of mangaaeaa-lron-nBagneslum carbonate concretions, averaging about 15. SX 
manganese in the bentonitl^: Pierre shale. The most promising 
manganiferous stratum varies in thickness from 3.6 to 26.2 m and has been 
traced for an outcrop distance of 844 km along the banks of the Missouri 
Rlvar and ita tributaries. No satisfactory method haa bean devised to 
separate the concretions from the matrix. Furthermore, the grade is so 
low that it is not considered a resource from which manganese recovery is 
poaaibla* The Chamberlain area la not llatad in Eaaouree Ikbla 3-8* 
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A Hatiomil ltat«rl«I« id^aovj Board F»m1 Itt 1976 coneludftd tlwtt 

**1he United States has no domestic resource froa which the 
MngaMM pToducts ealtable for oteelaaklng can be roeowcod 
economically and no facilities exist, or are planned, for 
recovering manganese from the loir-grade manganese deposits that 
do exist. • The U.S. laad-boMd ■mifiw rMOoreoo of 
significant size are very low la grade and should not be 
developed except In dire eBergency» l«e*» aa a strategic 
resource." 
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SOOTH AMERICA 



B.A ABGBNTHIA 

Maqganese deposits are known at a number of localities In Argentina* 
particularly in tha northwest and weatam portlena of the country. Moat 

of the domestic manganese production has come from small mines in tha 
Provinces of Santiago del Estero, Cordoba, and Mendoza. Lesser 
production haa haan reported froa tha Provinces of Salta, Jujuy, and 
Chubut. Production during 1974 to 1975 was reported to be 26,062 and 
31,375 m.t. respectively, with grades ranging from 25 to 40Z manganese. 
Imports in 1974 were 98,673 tons of plus 33Z manganese, consumed largely 
in tha production of farro^Uoya (BON, 1974). With tha atartup of tha 
underground manganese mine at Farellon Negro (Provincla Catamarca) in tha 
early 1980*8, with a projected production capacity of 25,000 tpy, it is 
anticipated that only 75X of the higher gradaa of manganese ore will have 
to ha iaportad. 

The manganese occurs variously as bedded daposits and lensaa 
cottfonahla with tha haddlng in aranacaous and volcanic aadlaanta, as 

fracture fillings and vein deposits in sedimentary and volcanic rocks, 
and as residual surface deposits. The most important known manganese 
oceurranea la locatad at Farellon Negro, friwre tha nanganaoa occura aa 
fracture fillings in a ataaply dipping vain-llka dapoait that haa a known 

vertical depth of 200 m and a length of 1 km. The vein thickness is 
variable, but ranges up to 12 m in complexly fractured zones. Ihe 
internal structure of the vain is complex, with intarfliiigered banda of 
carbonates and quartz with bands of oxides and liaonlteHiamatite. The 
minerals include nanganocalcite, rhodochrosite, ankarite, pyrolusite, and 
psiloaalane. Silver and native gold are associated %rith an early phase 
of wineralisatlon* Reserves for Argentina are Hated as 2.1 million m.t> 
of manganese ore ranging from about 19 to 35Z manganese. Of those 
reserves, about 765,000 tons of 29 to 352 manganese are reported in 
Farellon Negro (Cortelessi, 1975). 
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B.5 CHILB 

Chile h«« b«en « eonaittent producer of aaiigenese since the early 

1920*8. Annual production has ranged from only a few hundred tons during 
the mld-l930's to a maximum of 114,000 tons in 1943. The average yearly 
production from 1968 to 1975 mbs 23^000 tons» largely from the Province 
of Goqulmbo, with leaaer production from Aatafagaato* Practically all of 
the aanganeae la eonatmed doaaatlcally. 

Ihere are four typea of oecurrencea In Chile t 1) bedded depoalta 

associated with continental sediments of largely tuffaceous sandstones^ 
within a thick sequence of volcanics of L. Cretaceous age in Coquimbo 
Province; 2) lenticular maaaea and roeka In quartsltea and Preeanbrlan 
schists in Valdivla Province; 3) lacustrine deposits at high elevations 
near the border with Peru; and A) vein types of occurrences at a number 
of the above localities and in northern Chile. Principal manganese 
minerals are pyrolusite, braunlte, and pallomelane* In the Coquimbo 
deposits the Individual manganese beds range in thickness from a few 
centlmetera to aeveral meters %rith an average from one-half to one 
•eter* Several beda may be Intercalated with other aedlaents to make 
layers with overall thickness of up to 20 m. Reserves have been Inferred 
to be 1.0 million m.t. of 42X manganeae and 1.5 million tone of 23% 
manganese (Ueiss, 1977). 

Ihe long period of Hngaaeae production from dlverae localltlea In 
Chile would tend to nlnlalse the poaalbillty of any new, large-acale 
discoveries. 
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Manganese has been reported from a number of localities throughout 
the country In the Departotents of Narlno, Caldas, and Antioqula In 
southwest and west-esntral Ooloabla. The occurrences have been described 
as lenses and stringers In siliceous, fine-grained chlorltlc schists; 
intercalations In siliceous and clayey shales; and Intimately Interbedded 
leases la asrliie cherts. Reserves ere generelly not reported, but et 
CLudad Fssto, Depertaento de Narino, they were estlaeted to be able to 
support an annual production of 20,000 m.t. for 10 years (ILAFA, 1971). 
In Caldas, chip samples from stockpiled, hand-sorted ore assayed 36* 4Z 
Ma, A.6Z Fe, and 2S.8Z S102* Ore alnerals were pslloaelaae and 
pyrolusite (Slngewald, 1950). Reported manganese production ranged frofli 
6,000 to 14,000 m.t. annually during 1973 to 1976 (BOM, 1973-1976) with 
ail of the production for doaestlc consumption. Ihe prospects of 
developing large reserve tonnages appear to be ■iniiaal. Goloabla is not 
listed in Besource lablea 3-7 or 3-6. 
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Then Has bean no recorded production of nenganeee In Gayann eiace 

1968 when the mine at Matthews Ridge closed. This mine, which was 
located In northwestern Guyana between the Barama and Barlma rivers, 
about 6 In south of the settleoMOt of Arakaka, operated fron 1960 to 1968 
and was closed because of Ita nnprofltablllty. During that period. It 

produced 1,506,800 m.t. of concentrates at a grade of AO to A2Z Mn and 17 
to 23Z S102* ^e initial reserves were estimated at about 13 million 

At Matthews Ridge, pyroluslte-polianlte, cryptomelane, and mangaolte 
with llthiophorlte occur aa auperfidal, enriched, realdual capplnga on 

gondite plus braunite protore. The primary manganlf erous zone is about 
150 to 175 m thick at Matthews Ridge and is approximately 30 kn long in a 
general NB-SU direction. The dip of the beds Is 50 to 80' north. In the 
Matthewa Ridge area, the rhodonite-bearing gondlte beds, 1 to 10 cm 

thick, are Intercalated with quartzite and quartz-serlcite schists, with 

carbonaceous horizons in the Baraaa Series. Beds of braunite up to 1.5 ■ 
thick are Intercalated with netaBorphoaed chert. 

Depending on the crude to product weight recovery, a resource of 
about 10 ■illlon tone may remain to give approximately 6 million tone of 
product at the above grede. A subnarginal resource of low-grade protore 

exists, but quantities and grades are not known. However, it consists in 
larger part of the refractory minerals, rhodonite and spessartlte, that 
are not uaable. Therefore, it may be presumed that Matthewa Kidge with 
its poor location and lack of adequate transportation, is an unlikely 
source of manganese. Other deposits occur In Guyana, but they are all 
small or low-grade. 
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B.8 PERU 

1h« prlaeipttl aanganese producer hM been the Mlna Gran Bretana, 
located near Negro Bueno in the Departnent of Junln In Central Peru at a 
■ap distance of 170 km east northeast of Callao. The mine site Is at an 
•lavatlon of about 4,100 m. Annual production froa 1960 to 1977 avoraged 
3,900 a.t. with annual fluctuations ranging from AOO to 11,000 m.t. 
Average annual grades ranged from 36.2 to 27. 8Z aaoganese. Production 
fron Qran Brotana, as Peru's sole producer, teralnated In 1977, 
apparently with the exhaustion of reserves. The deposits are believed to 
be associated with vein-type occurrences in fractured rocks near granitic 
Intrusives. 

Manganese has also been reported as scattered residual accuaulations 
and boulders near La Merced, Departaent of Junin, on the lower eastern 
slopes of the Andes Mbuntains, at a nap distance of 250 In east of 

Callao. The mineralogy of the boulders Includes pyroluslte, pslloMlane» 
and braunlte. Selected samples contained 55Z manganese. Tonnage 
potential was inferred to be 60,000 a.t. (de Graff, 1955). 

At the Mlna Berenguela, sittiated at an elevation of 4,200 m near Sta. 
Luda in the Department of Puno near Lake Tlticaca, aanganese occurs as a 
geegus aineral associated with deposits of copper end silver. During 
1940 to 1950 attempts to recover the manganese as a byproduct were 
imauccessf ul and the effort was terminated* Peru Is not listed In 
Bssotttee Ttbles 3-7 or 3-8* 
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B«9 VBNBZIIELA 

The manganese occurrences are located in Estado Bolivar in 
•outheastern Venezuela. Ihey are found in a belt lying about 40 km south 
of and parallel to the Rio Orinoco. Ihoy extend f roa the Rio Caura on 
the west to the eastern end of the Serrania de loataca, an overall length 
of about 320 km. The principal ■aqganese prospects are found along this 
belt between the town* of Upeta and El Palnar. Mtnganeee oeeorraneea 
have alee been reported In the San Cristobal area of the upper Rio 
Botonamo, in the eastern portion of Estado Bolivar near the frontier with 
Guyana (Agullar, 1972). 

A mine production of 47,000 m.t. was reported from the Upata district 
for the period 1936 to 1938. Twenty-two thousand tons were exported 
through the port of Araaaya, located on the Rio Orinoco, 10 ka eeat of 
San itllx, at a truck haul dlatanee of 80 ka froa the alne elte* 

In the Serrania de laataea the aenganese osldee occur aa 
dlacontlnuoua aurflclal residual accuanlatlona on the aanganlferous 

meabers of the Precaabrian Inataca group of metasedlraents consisting of 
iron foraations, amphibolltes, and schists. In the San Cristobal area 
the aangeneee eoneentretlona ere aeaoclated with the f erruglnoua 
quartzites, dark phyllltes, chlorltlc achlata, and alltatenea of the 
Precaabrian Pastors group* 

The manganese occurrences were reported in 1949 and have been the 
subject of Intermittent investigations throughout the Serrania de Inataca 
since that time. Probable reserves totalling 330,000 tons of 28 to 3SZ 
■angeaaee have been credited to the Upeta dletrlct (Steel. 1955; 
Sklllli«e, 1959). 
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EDROn 



B.io blbum 

The only significant manganese resource occurs In the Lienne Valley, 
In the area betmea Uealaux aad Nsuvllle, near the Luxeabeurg border. 
Tvo irregular bands of manganese carbonates and silicates, ranging from 
0.7 to 1.10 m thick and 30 to 43 m apart in quartzite, are associated 
with some hematite. The upper bed is intermittent. Series dips south at 
40°. The resource contains 7 to 16Z manganese, uniformly high (0.25X) P, 
18 to 25Z Fe, and 25 to 451 Si02. This material was mined for the 
local steel industry as early as 1886 and maximum production occurred in 
1896 (28,272 ■•t.)* Harglnal in tlaea of aeaielty or high price (I.e., 
Horld Har I), production ceased in 1934 after a total of 144,431 a.t. 

Fstential reaourcea of the above grade appear to be ferroglnoue ore 

and are estimated at 1 million a.t* in place to a depth of 200 m. This 
might yield 500,000 n.t. of reeovemble naterial containing 50,000 a.t. 
of manganese. 
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B.ll CZBCBOSLOVAKIA 

Ihe ainor national production has cone from the Klsovce and Svabovce 
areas, betWMa the Low and Ugh Tttras In northeastern Slovakia* A ttfln 

layer of rhodoehrosite, pyrolusite, and manganocaldte occurs in 
Ollgocene linestone, sandstone, and shale. Manganese ranges from 15 to 
25Z; iron 1 to 2Z. Output was 232,000 m.t. In 1934, 163,000 n.t. In 
1960, and is nov alaost nil. Snppliea now eoae froa Brasll, Gabon, mad 
India. It is presumed that economic reserves are Insignificant. A 
submarginal maoganese resource of minor potential is the Chvaletice 
mnganese-earbonate-pyrlte deposit in eastern Boheaia. 
Volcanosedimentary syngenetic manganese in veins has been oetaisorphosed 
to hornfels with manganese silicates. Some carbonate remains. Deposit 
is up to 30 a thick and assays 12 to 18Z Hn, 20 to 30Z Fe, 13Z Si(^, 8 
to 12X S, and 1.6X P. Ilraee aaounts of haee aetale, the high P and S, 
and the mixture of silicate and carbonate make the economic potential 
paramarginal, although the host schists occur over more than 20 km^* 
Ckechoalovakla ie not liated in the Reaource Tables 3-7 or 3*8* 
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B.12 GREECE 

Manganese has been produced In Greece for about 100 years; howewr, 
the production has never been large. The or*« ar* not mined for 
Metallurgical use but for battery-grade Mterlal. The 27-year production 
ftam 1950 to 1976 has been aa shown In TSsble Br2, 



TABLE B-2. PIODtlCnOM OF tUMGANESB OBBS IH GUECB 
raOM 1950 TO 1976 (aattle tons) 



tear 


Ore 
Production 


Froduction m 
Concentrates 


Goncent ration 
Ratio 


1950-1959 


437,353 


78,803 


5.5 


1960-1969 


619,671 


163,678 


3.8 


1970 


31,865 


6,590 


4.8 


1971 


33,463 


6,127 


5.8 


1972 


24,353 


5,305 


4.6 


1973 


42.433 


6,222 


6.8 


1974 


52,091 


7,950 


6.5 


1975 


45,248 


11,318 


4.0 


1976 


58,248 


10,924 


5.3 



SODBCE: Weiss, 1977. 



The lergest aanganese mines in Greece are located in the Draaa area 

in eastern Macedonia, where production of battery-grade material began in 
1950 at the Granltls and Paraaestl mines. The ore occurs as pyroluslte 
at the contact between limestone and micaceous schists and as pods 
localised near faults where the ore thickens. The deposits are erratic 
In shape and distribution so that it Is difficult to prospect and develop 
reserves ahead of mining. The run-of-mlne ore with a grade o£ about 19 
to 28X asngsnese is benefieiated at Nevrokopi to 67% Mn02 and 74 to 75X 
Mn02. A typical analysis of the concentrate is as follows: 47Z Mn, 
7U Nn02, 0.8Z Fe, 7.3Z 8102. 3X CaO, and 0.3% Cu+Fb+Zn. The final 
product, ground at Draaa, is shipped from the Bort of Kavala (Weiss, 
1977). 

The total Greek reserves of manganese (Sibley. 1973), Including 
■etallurgical grade ore (which is not mined), is estiaated at 2.25 
aillioo a.t. proven and 9 ailllon a.t. probable. The grade is not 



Copyrighted material 



a84 



specified. A plant, Installed about 1975 with a 12,000 tpy capacity, im 
to produce electrolytic inaiig«n««e dioxide for u«« In dry cell batteries 
and Initially will obtain its eooemtxatas froa tlw GhalkicUtti Bininsula 
in northern Graeca. Graace la not liatad in tha Baaoareaa laUaa 3-7 or 
3^8 bacauaa gradaa wera not given* 



KHrnRBHCBS 



B.J. Lavino and Oonpaiiiy, Nanganasa, Datura, Soareaa, Harkata* 
B.J. Lavino and Conpanjr, Fhiladalpliia, Pa., undatad. 

Sibley, S.F. , Tha Minaral Industry of Greece, Minerals Yearbook, 

Vol. Ill: Area Baporta, Intarnatlonal, U. S. Govamaant Printing 
Office, Uaahli«ton, D. C. , pp. 369-380, 1973. 

Sondenayer, R.V. , The Mineral Ihdoatry of Greece, Ninerala 

Yearbook, Preprint, U. S. Goipemaant Printing Office, 
Waahlngton, D.C. , 1976. 

1iel88, S.A. , Manganese, The Other Uaea, Metal Bulletin Booka Ltd., 
Garden City Press Ltd., Bertfordehlre, 0. K., 1977. 



Copyrighted malBrial 



285 



B.13 ITALY 

Manganese occurrences have been recorded throughout Italy and 
Sardinia; however, the principal source in recent years has been near La 
Bspejas In the Provliice of Llgurlca In norttawatwii Italy* Most of the 
■anganese occurrences are associated with sedlnentary rocka Inelndlng 
shales, bedded cherts, and limestones. At Gambetsas the ores consisted 
of enriched caps of pyroluslte on lens-like beds of braunlce and quartz, 
liit«real«t«d In ahaly-*cherty, ealcareoua aedlaenta. Ihe protore lenaea 
ware up to 500 m in length and 10 m In thickness. The boat sedllMllta 
ha've been moderately folded by Alpine-related tectonics. 

The Gambetsas Mine had an annual production range of 10,000 to 30,000 
B.t. froa the aid-1930'a until the cessation of aining in 1973. Mining 
cmmmA at Gambetaas due to' the depletion of reserves* It ma the last 
operating manganese alue in Italy. The astlaatad ore grades for the last 
years of production were about 2 7% manganese. Manganese In ferruginous 
manganese ore was also produced from Monte Argentarlo in the Province of 
Grosaeto, irtiero It oeeurred in surfleial ore a developed on prlaary 
deposits of mainly sulfides of hydrothermal origin. The geologic 
literature indicates that there were many small-acale manganese mining 
operationa during the last 100 years in Italy* tram Which it can he 
inferred that the country has heen proapeeted and that the changes for 
new discoveriea are ninlBal* 

Italy is not listed in the Beeouree Tables 3-7 or 3-8. 
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B.14 BDMAMIA 

Manganese ore mining has a long history in Rumania starting In 1780 
in northeast Moldavia. Thirty scattered deposits were nlned sporadically 
fro« aanganese oxide outcrops » with an aggregate produetlon op to 1955 of 
2.5 million m.t., grading fron 28 to A2Z manganese. Under tho Socialist 
regime, manganese exploration was intensified and new, small, 
steeply-dipping deposits were found in numerous localities in the 
Carpathians. Ore la now aalnly manganese carbonate and silicates, mined 
at depths at 170 m or more from steeply-dipping lenticular faulted ore 
bodies* Since 1952 carbonate ore has been sintered, raising crude ore 
froa 2€Z ■anganeae and IIX Iron to 34 to 38X aanganese and 14Z Iron. 
Such production is quite siliceous, in the order of 25Z Si02. Most 
domestic ores have the disadvantage of high phosphorus, from 0.25 to 0.9Z. 

All deposits are in the Alpine-folded area of the Carpathians, 
extending from lacobenl area near the USSR border in northeast Moldavia 
to the southeastern Banat, near the Yugoslavian border. 



B*14.1 lacobenl Area 

The lacobenl area Includes Dadu-Clocaoeati-Iacobeni-Cosna-Sarul, 
Dornel-Dealul , and Rusului-Borca . Ores are characterized as having 
moderate iron and Mn carbonate and silicate minerals. Deposits are 
lenticular, confined to black quartzite horizons of Preterosolc age In 
crystalling greenschists dipping 20° to 40° E. Lenses range from tens of 
meters to several hundred meters long and from one meter to several tens 
of aeters thick. South-dipping B-W faults eoaplicate underground alnlqg 
development. Genesis is volcanosedimentary . Aggregate lens lengths are 
about 3,000 a. Potential in situ is evaluated in this review at 15 
million m.t. of carbonate ore to a depth of ISO m vertical, with 
chemistry of 26X Mn, IIX Fe, 26Z Si02, 0.27Z P, and 0.26X 8. Sinter 
has a similar chemistry. In view of the dip, thickness, discontinuities, 
grade, and impurities, the deposits must be marginally economic. It is 
noteworthy that Rumanian importa of good oxide ore from western countries 
have been increasing since 1970. Recovnrable resource potential, 
considering the amount mined to date, may be about 1*26 million m.t. of 
sinter product. 

B.14. 2 Razoare Area 

South of Bala Mare, in the Preluca Mountains, the lense-like deposits 
are encased in highly metamorphosed crystalline schists. Manganese 
oxldee end hydroxides were mined from the late 1700' a until 1918. Oxide 
production from 1905 to 1918 was about 18,300 m.t. Present ore Is 
characterized as siliceous ferromanganiferous; mineralogy includes 
manganese carbonates, manganese silicates, and some manganese and iroo 
oxides. Average analysis is 19Z Mn, 20Z Fe, 16. 6Z SIO2, 0.88Z P, and 
1.29X S. Excessive phosphorus and sulphur would make this material a 
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naouree in aodern usage • On the beele of geoplqrsles, leaaee 200 ■ loqg 

extending over 2.5 km are assumed to extend perhaps 750 m down et e 
aoucheast dip 20* to 70°. Thickness ranges from 1.5 to 27 m. 
Develepaeat has baen by adit, lha panel eatlMtaa ondargrouad potratial 
at 5 nllllon ■•t«t with about half laco'varable* 



B-14.3 Moneaaa Area 



Located southvest of Cluj, this residual resource consists of 
■anganeaa ozidea and linonlte in clay in Itiaaaie karat topography. 
Mangaaaaa ia abont 7Z, iron aboat 21Z» and potential is inaignif leant. 



B.14.4 Banat Area 

Found between Ikimu Severln and Timlsoara, these regionally 
•etaaorpheeed voleanoaedlaentary deposits include Globu lau and 
Dellnestl. The latter has been mined for its oxide ore since the last 
century. To 1955, aggregate oxide production was 556,000 n.t. Globu Bau 
haa been known since the beginning of the 1900' s and prospecting was 
intensified In 1953. 

MaDganeae ninaraliaation outcrops intemlttently in the Dellnestl 
area over 5 km. Lenses range from ten to several hundred netera long, 
with perhaps the same extension down dip. Thickness ranges from 1 to 8 
a. Ore is characterized as high silica type; primary carbonate occurs 
only locally and the naterlel is high ia nenganese and iron silicates. 
Characteristic assay is 20Z Mn, lOZ Fe, 37Z Si02, O.IOZ S, and 0.22X 
P. From the map, in situ material might be calculated at 7.5 million 
«.t., of which 4*5 nllllon m.t. may be recoverable. However, it is a 
low-grsds or subaarginal reaouree. 



B.14.S East of Arad 

This area Includes Solmus-Buceava and Plrnestl. There are 
alternating layers of manganese oxide and Jasper, %rith radiolaria, 
soaewhat similar to east Guban narine volcanosedimentary deposits. Iron 

is quite low and manganese occurs as oxides, pslloraelane, and pyrolusite 
reaching 272. Silica Is about 33%. Potential is believed small. 

B«14.6 Sebea Mountains 

Msi^aness deposits occur as 7*-24 ■. thick concordant lenses in nica 

achists which crop out over a distance of A km midway between Tlmiaoara 
and Brasov (lanovicl, 1936, 1968). Manganese la present as silicate 
refractory minerals, viz: garnets, anphlboles, olivine and rhodonite, 
lhase are locally covered with a capping of a few centimeters thick of 
pyrolusite and wad which averages 22Z Mn, lOZ Fe, 38X Si02 and 0.3Z P 
(Dimitreacu, 1971). The mineralized zone is cut by transverse faults. 
The possibility of beneficiation ia nininal. 
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B.15 SPAIH 

Manganese ore has been mined in Spain since the mid-lSOO's. Although 
ore has been «lmd fro* oany of the province* throughout the country, the 
principal donestic source area has been the Province of Huelva in 
soucfawestern Spain. A peak annual production of 268,000 m.t. was 
reported In 1897, but it has decreased irregularly since that time* In 
1973 the total donestic production was listed ae 6,792 ••t. (BOM, 
I96Q-1977) end by 1975 no donestic ore production was recorded. 

The prlnclpel aengenese occurrences In Hoelva were described as 

pockets of manganese oxides with a general vein-like alignment along the 
contacts of Jaspers and Silurian slates. Disseminated pockets of 
■angamese were also reported vithln the jaspers and were known to depths 
of 140 «• Average analyses of these oxide ores was 40X Nn and 2S1K 8IO2 
(Pastor et al., 1956). At some localities the manganese oxide ores 8^*^ 
way at depth to carbonates that have an average analysis of 30% 
■sflgaoeee. Ihe deposits were considered to be of faydrotheiwsl origin and 
were frequently associated with, and oriented parallel to, deposits of 
nassive pyrite. 

In the province of Ciudad Real, manganese occurred as blanket-like 
deposits of pyroluaite, with clays and micaceous sands at the water table 
la Miocene shales, sandstones, and calcareous rocks. The deposits were 

nined both by underground and open-pit methods. The beneficiaced product 
varied from 30 to 52% Mn and averaged 15% SIO2, 3Z Fe, and 0.45% P. In 
the province of Gerona in northeastern Spain, small deposits of 
pyroluslte were reported frost Silurian llnestones. 

Manganese has been known and prospected throughout Spain for many 
yesrs. The cessation of significant production suggests that the 
reserves of oxides are depleted. The potential of carbonate ores Is not 
known* Spain is not listed In the Beaource Tables 3-7 or 3-8. 
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B.16 SNBOBIf 

The last manganese ore mined in Sweden was In 1966 when 21,650 m.t. 
of manganese ore with 13Z manganese was mined from the Nyberget deposit. 
No Billing has taken place in recent yaars> Maoganiferoua Iron ores, with 
a manganese content usually vacying batwaan 2 and 52 » ata being obtainad 
from central Sweden. 

The Nyberget field, in the FlUpstad district of southern Sweden, 
contains several small deposits of skarn-banded hematite ores with 
manganeaa alllcataa that grade 15 to 20X of both ■anganaae and iron. 
Rhodonite and hematite are in thin alternating layers. Braunite, 
hematite, and jacobsite with a series of skarn minerals occur in a newly 
discovered continuation of the field to the south (Grip, 1979). 

The Lang ban nines, also in the Filipstad district, produced 318,000 
m.t. of manganese ore in the period 1925 to the late 1950' s. In the last 
period worked, the ore graded 12 to 38X ■anganaae. The I«ngban winaa an 
famous for the abundance of mineral species, with at least 135 minerals 
being described. The deposits are replacement bodies of manganese and 
iron oxide that are side by side in a large dolomite mass. Ihe iron orea 
seldoa ascaad 21 ■aagaaeaa and the ■anganaae oma aeldoa aaeaad 2X iron* 
The manganese oxide ore consists of braunite, which occurs principally at 
the center of the ore bodies, and of hausaannlte, which is at the 
periphery. 

It Is presumed that the resource of manganese ore is small because of 
the restricted nature of the known deposits. Sweden is not listed in the 
Seaourca Tsblaa 3-7 or 3-8. 
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There has been no naoganese alued In the United King don since 1945, 
with the last neovded produetloa fn» Cft«rn«rvonthlrtt, Wales. Ihs fev 

manganese occurrences in the United Kingdom are coaparatlvely low-grade 
naterlal %ri.th relatively modest tonnage • The resources of manganese may 
all be put Into the "strategic" category and would not be drawn on unless 
In dire eaeigeney (W.A. Preston » British Steel Oocporetlon, pxeseutatloa 
to the Goaalttee, August 1979). 

Ihere axe tuo occurrences in southwest Cnglsnd. In the Milton Abbot 

area (Dines, 1956), psilomelane and rhodonite with secondary pyroluslte 
and wad occur as pockets and stringers In Irregular bodies. They are an 
alteration or Impregnation of the more siliceous beds In the Lower Culn 
Measures near the Junction o£ the Devonian and Carboniferous sones and 
are closely associated with Intrusive greenstone. The area has produced 
51,426 s.t. In the Exeter area (Dines, 1956), pyroluslte, with surface 
oxidatieB to psilonelane with wad, occurs in a fault fissure in Ferolan 
sandstone and breccia* 

In Caernarvonshire, Wales, a manganese bed (Groves, 1952) in 
Ordovieiaa nHdstone has been broken, by Intense intricate ehearing, into 
numerous separate bodies contained in blocks from a few centimeters up to 
10 meters or more thick. The bed has a thickness of 2.5 to 6m and In 
plaeea is thickened by repeated overthxustlng. The ainsralisatloa 
consists of a complex mixture of manganese silicates with subsidiary 
■anganese and Iron oxides. The total resource estimate is given as 
27,000 a.t* at a grade of about 32% ■anganese. Exploration has not 
revealed extensions to the known bodies* About 217»000 a.t* have been 
extracted from this area. 

A thin bed <2S-37 cn) of fine-grained chert, rhodochrosite and 
spessartlte occur in the Lower Cambrian beds over an area of many square 
klloaeters In the Ardudify District of Merionethshire, Wales. The bed was 
worked until 1923 end total production aaounted to about 40,000 n.t* at a 
grade of between 32 to 35% manganese (Woodlawn, 1956). Wad occurs in 
Derbyshire* Midlands In flats, pipes and pockets in Carboniferous 
llnestone and was f omerly worked on a very snail scale. 

The United Klqgdon is not included in the Resource Xables 3-7 or 3-8* 
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AFRICA 



B.ia AIGQLA 

The principal manganese areas are near Salazar and Malange, about 
200—300 klloaeters east of the port of Luanda to which they are connected 
bgr r«ll* The ores occur In dlscontliiuotts lenticular and irein<-llke 
deposits with some residual accumulations. The ores are high In 
silicates and sulphur with variable high concentrations of lead. The 
pritKliwl ninerals are aaaslve pslloaelane with soae advixed nanganite. 
Reserve tonnage potential Is snail. Exports of 27Z-S2Z manganese ore 
averaged 27,000 tons annually from 1968-1973, at which time all exports 
ceased due to civil unrest (BOM, 1976). Ore quality was controlled by 
hand sorting* 

Angola Is not included in Resource Tables 3-7 or 3-8. 
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The principal manganese occurrences In Botswana are at Kgwakgwe near 
Kanye and Lobatse, about 70 kms SSW of Gaborone. Lobatse is connected by 
rail to South Africa through Naf eking, lha manganaaa occura In hotroldal 
■aaaaa and as thin-bedded deposits and replaceaents in aanganlferous 
ahalea of the Transvaal Series (Peiletier, 1964). The manganese beds 
range In thlcknaaa up to two natera and are dlacentlnuoua along atrlka* 
Operations were by quarrying and by underground vrlth handsorting of ore 
boulders. Ore gradaa at Kgwakgwe, the principal mlnli^ area, ranged froa 
46.2-57.9Z manganeae. At Kgwakgwe, mining conmenced in 1957 and was 
taialnated In 1972 due to econonlc eondltlona. A total of 131,563 tona 
were produced and shipped. A reported raaarva of 200,000 tona reaaina 
(Baldock, 1977). 

In the vicinity of Palapye, 260 kms NNE of Gaborone, supergene 
manganese crusts trlth widths of up to 2.3 meters and thicknesses of leaa 
than 5 cm are aeattered along the expoaed and weathered aurf aca of 
low-grade manganlferous beds with overall thicknesses of up to 20 
meters. The strike length of the exposed beds is 40 and SS kas 
respectively in the Tswapong and Tsweneng Hills east of Palapye. The 
mineralogy of the manganeae cruata la psllomelana, hamatlta and quartz. 
Analyses of 390 channel samples collected along the strike length of the 
beds ranges from 1-30K manganese and 2-2211 iron. In the underlying 
unwaathared rock, the manganaaa occura In mllllmeter-tfaln laminae 
inter layered in silts, mudstones and fine-grained quartzltes. Both 
Samancor and the Geological Survey consider these occurrences to be of 
doubtful economic potential (Key, 1979). The Fslapye occurraneaa are not 
llated In the Raeourca lablaa 3-7 or 3-8. 
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The Vm BogM MQisiiMe deposits an located on the western side of 

the Slnal PenlnBul«» abowt 20 kn Inland, east of the Gulf of Suez port of 
Abou Zenlma. The manganese deposits occur as lenses within the lower 6 m 
of a 20-m-thick bed of doloodte and aarly dolomites. The aaoganese 
leases vary In length fnm 1 to 200 ■ and In thickness froa 0.2 to 6 b> 
According to Mart and Sass (1972) the large orebodles are differentiated 
Into three zones. The Inner zone, which grades greater Chan 45Z 
nanganese. Is largely composed of pelloaelane and pyroluslte, with tare 
manganlte, hausmannite, polianlte, and pyrochrolte. Hematite does not 
usually exceed lOZ. The intermediate zone, grading 20 to 45Z Mn, 
consists mainly of psllomelane, pyroluslte, and hematite* The 
■inerallsation is aassive and crossed by veins of pyroluslte-berlte with 
or without quartz. This zone was the major source of the ore produced. 
The outer zone, less than 202 naoganese, Is craposed mainly of hematite 
and goethlte, with nlnor pellonelane. 

The occurrences are of a volcanogenetlc type and of small potential. 
The average grade of the ore lenses, when mined in the past, was 22Z 
manganese and 36Z Iron (dry hasis)* Sone high-grade aanganese dioxide 
(up to 90Z) was mined. It occurs as small pockets in the lower-grade 
ore. Production averaged 3,800 m.t. per year from 1968 to 1976, when 
nllitary activities forced the elosnre of the operation* Ihe percentage 
of each ore type that this production represented Is unknown. Reserves 
are believed to be limited. Egypt is not listed in Resource Tables 3-7 
or 3-8. 
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B.21 IVORY COAST 

That* has been no recorded production of oaoganese ore since 1970 
wlMn tlM Grand Lahou mm, located about 100 In vaat of Abidjan and 
oparatad by Mokta, waa eloaad dna to tha aidiaiiatlon of tha vaaarvaa* 

A number of sniall resources have been outlined by the Bureau da 
Recherches Geologlquea at Hinleres (W. A. Preston, British Steel 
Corporation, presentation to the Committee, August, 1979). Three 
northern deposits, Including Odlenne and Zlenougoula, occur In gondlte or 
weatharad gondlte In tha Upper Rirrlalan of Protaroiolc age* In the 
Zlemougoula deposit, located about 300 km northwest of Abidjan, 80Z of 
the mineralization Is reported to be made up of pseudo-ramsdellite or 
battery-grade nanganeae oxide of Maota-typa. One deposit la conaiderad 
to contain 5 to 6 million m.t. at 25 to 30Z manganese and the other two 
about 2 to 3 million m.t. at 20 to 30Z nanganeae. The deposit* have only 
been outlined by regional mapping. 

In the Man Area, Itablrlte occurrences containing 20 to 25% manganese 
and 25 to 30X iron have been discovered during regional napping programs 
(Preaton, 1979). Ihe northern and Man Area dapoalta are conaiderad to be 
aufamarginal reaonrcea with Halted tonnage potential* 
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IWo depo8lt8( Takavaslta and Ofollklae, have bean discovered la the 
•oathern part of Mall, aeutliaaat of Anaongo and near tba boidar of Dppar 
Volta. Lack of transportation and Infrastiuetttva hava psacludad aore 
Chan Initial exploration of theaa dapoalta* 

The Ttkavaaita d^NMit la altuatad la proainent hllla within an 

extensive peneplane. The manganlf erous quart zlte beds are steeply 
dipping and strike about 3 ka. They ace at the base of the Anaongo 
Serlaa within a quartalta aaquanea and have baan ■ataaorphoaad to 
gondita* Psllomelana and pyrolualte occur aa auperfidally enriched 
capplngs and as concretionary masses on the surface. The submarginal 
resource Is reported at 7.7 million m.t., vlth a grade of 43 to 47Z Mn, 1 
to Va» 3 to 4Z S102» 0.015 to 0.2SZ P and a Uttla barlta. 

The Ofollklne deposit (W. A. Preston, British Steel Corporation, 
pieeentatlon to the Coanlttea, 1979) la located to the eaat of Anaongo. 

It Is reported to have a grade of 35 to 40% manganese and could occur 
over a 10 km strike length In an Intercalated sequence of clayey schists 
within the Anaongo Sariaa. 
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Production of nanganese ore fron the Otjonsondu deposits has been 
Intermltcent since 1939. There has been no production since 1966 when 
22,830 H.t. were produced by opeii'^lt mtliode at an eatiaated grade of 
4S4-Z manganese. The depoalta are In northeaat Ntelbia about 185 ka 
northeast of Windhoek. 

The Ot jonaondu nanganese bodies (Roper, 1956) are aaaoelated with a 

thin, highly metamorphosed Iron bed, Itabirlte, within quartzltes of the 
Precambrian Damara System. The sediments are highly folded. The 
■inerallsation occurs at three horlsone, one lanedlately below the 
Itabirlte, the second within the itabirlte, and the third at the upper 
contact. The itabirlte zone is 100 to 130 m thick. 

The mineralization Is found In lenses from 2 to more than 7 m in 
thickness, averaging about 5 n. The lenses are lenticular along strike 
and individual lenses are up to 1,700 ■ long. The thicker central 
portion of the lenses are often higher In grade than the edges. The 
hanglng-vall ore bodies are usually of higher grade than those nearer the 
footwall. Ihe chief ore minerals (De Villlers, 1951) are braunite, 
Jacobeite, hauaaannite, bizbyite, and hellandlte. Supergene enrlchnent 
is insigniflcsnt* 

The reserves in 1956 were given es 3.7 nillion n.t* at a grade of 40 

to ABr¥X manganese and should be considered as submarglnal. The reaervne 
■ay have extensions vith depth, but could only be exploited by 
underground nining. 
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B.24 NIGBRIA 

Gofldltft deposits occur In tin nortlmrii part of lltoria and hmvm 
teen explored only by roconnalssance aapping «ad Mnpllqg* It is 

considered that a number of deposits nay occur ovsr a wide 
■etaaediraentary belt vlth spesaartlce-rlcli scUsts* Only 3»000 to 
10»€00 m.t. of rscovsraUe astsrlsl at 25X wangantse teva teaa 
suggested (W. A. Preston, British Steel Corporation, presentation to 
the Coomlttee, 1979). It Is doubtful, unless manganese oxide deposits 
occar, that the silicate occttrieoees «111 te of aiqr conaequenee« 
Nlgatla la not Hated In tte lesource TaUaa 3-7 or 3-8. 
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B.25 SUDAN 

There has been iaternlttent production of oaoganese ore f ron the Red 
S«« Ana. Thm last xtcovted production mo during the yooro 1962 to 
1970, when nn ootlaotod 21,600 m.t. were produeod nt a grade of 36 to 44X 
■engeneao* 

Manganese deposits or occurrences ara found at several places In the 
Red Sea Hills, the Red Sea coast, and around Palolch-Wabult In the Upper 
Hile Province of southern Sudan. Several deposits were exploited in the 
1950*8 In tha aoutharn Red Sea Hills and were rapidly axhauated. TIm 
deposits on the coastal strip had a small scale, spasmodic production. 
The deposits were worked by primitive nethods and hand sorted to separate 
tha Mnganaae f ron tha Iron nlnarallsatlon* 

The Abu Sanr, Talik, Allaikalieb deposits in the southern Red Saa 
Hills are vein-like deposits- They are associated with gondite, 
containing apaaaartlta* rhodonlta, hraunlta* and alnor rhodoehroalta, 
that is intarbadded with various schists, gneisses, and quartzites. Tha 
deposits era aupergene and have been concentrated and enriched along 
fractures and fault sonas* lha valna vary In width fron 30 ea to 2.5 a, 
have maxinum lengths of 270 u, and rarely extend in depth aora than 12 to 
15 m. The nanganese aineralization, consisting of psilonelane and 
pyrolusite vlth olnor uanganite, is associated with nagnetite and 
hanatlte. It ranges in grada from 7Z nanganasa with 44Z iron to a 
maximum of about 51Z manganese and 4Z iron and averages 27Z manganese. 
The silica content varies from 1 to 44Z. The deposit at Sinkat in the 
cantral lad Saa Ulla la a alallar aupargana, valn-Uka dapoalt with a 
grada of 47 to 55X manganese. 

In tha eeaatal Red Sea area the dapoalts are eoneantratad in tha 

vicinity of Halaib* The manganese mineralization, pyrolusite, 
psilomelane, and manganlte together with hematite, is found either in 
veins occupying fault planes or as concretionary patches that 
occasionally form the cementing material of a conglomerate. The veins 
are 1.25 to 2 m thick and up to 200 m long. The mineralisation grades 
from 23 to 53X Mn, 1.4 to 3.5Z Fe, and 3 to 54Z Si02. 

Manganif erous iron formation was found In the Palolch-Wabul t area, In 
the Upper Nile Province, in unconsolidated and clayey sands of the Umn 
Rnwaba Series of poat-^d Tertiary age, with the nanganese In the fom of 
wad* The manganiferous iron formations occur at several horizons with a 
maximum thickness of 4 m and depth to 145 m. The mineralization grades 
between 1.7Z manganese and 55Z iron to 23Z manganese and 26. 8Z iron. 

The reserves of the deposits in the Red Sea area have been largely 
depleted and the resources ere presumed to be negligible. Sudan is not 
llatad In dia Baaourca Tahlaa 3-7 or 3-8. 
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B.26 ZAMBIA 

liDit of the MogAflM* tfs^ita in SmMa oeevr in tlm Fort loMtory 

district, 1A5 kn north of Broken Hill, and the Kaapumba an Chlwefwe 
occurrences northeast end southeest of Broken Hill. There wes e aodest 
production of high-grade ore (50 to 56X Mngeneoe) fron the eerly 1950' e 
until 1969. This was the last year of recorded production, when 2S«'«5S 
n.t. of ore were produced* The peek occurred in 1962 with the production 
of 57,088 n.t. 

In the Fort Rosebery district, 25 deposits have been discovered In an 
area over 36 km long* The greater part of the area Is underlain by a 
pink granite intruaive into quarts porphyries. It contains several niaor 
faults striking approximately north-south, parallel to the Luapula Rift* 
Breccleted quartz porphyry or sillclfied breccia are occasionally along 
the strike of the fanlta. The ore depoaita that are eonaidered to he a 
replacenent of the country rock and breccia along the fault planes are 
aligned north-south, almost vertically. They pinch and swell from a few 
centimeters to three or four meters and extend horizontally from a few 
■etera to hundreda of aatara along atrike* The everage width Is slightly 
less than one meter. The bulk of the ore consisted of psllomelane with 
minor hausnannlte, and mengenite with some pyrolusite in cavities. The 
bodiaa, which rarely aztand halow 50 ■ had an avarage grade of 52 to 56X 
Ma, 0.5 to 2.0Z Pa, 2.5 to 10% 8i02» and 0«01 to 0.06X P. 

Ihe Kampumba deposits ere in a group of hills that are capped by iron 
and nanganaaa ainaraliaatioa. KhodoehroaiteHiearing doloaita occur aa 

lenses In a series of schists, and it is thought that the manganese and 
the iron replaced both the dolomite and the schists during weathering es 
a supergene enrichaent process, the iron being produced fron the 
schists. The deposits are massive bodies or rubble deposits mainly along 
the slopes of the hills. The sclid bodiee of nanganaaa ninerelisation, 
with veinlets of henetite, ere in cliffs five to six asters high and can 
be traced for several hundred meters. The deposits are shallow in depth 
and at a certain depth grade Into wad. The rubble deposits consist of 
luaps and boulders of heaatite with some manganese minerelizetion. The 
■angaaaaa ore naa hand-sorted both froa the aolid and rahbla depoaita. 
Ihe aenganese mineralization Is predominantly psilomelane, with 
hauaaannite and breunite. Ore grading 30 to 37Z manganese «ns produced. 

The Chiwefwe deposits occur in several sheet-like rubble bodies that 
lia on top of phyllite, schists, and brecciated quartzites. Quartzite 
and eoogleanata hmceia «wa replaced by aanganaaa oxide, with the 
aaaganaaa being leached froa the phyllite a and ahaly aandatones. 

It is presumed that the reserves have been largely depleted and that 
any raaourca would be ainiaal, as the known depoeite had liaited 
persistence. It was announced In 1977 that the Luwana mine near Mansa In 
the Fort Boaebery district was to be reopened end produce battery-grade 
ore froa a total reaarva of 50,000 a.t* at a rata of 770 tone par year* 
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B.27 ZDOABHB 

NanBSMM oceomoMt Is Zl^bM mf vldctptMd and avt pccaeat in 

Mny rock typei, such aa llmatoM mad doloalta, that nay contain amall 
•aounta of mineralization, aoMtiaea as aoall velnleta. The known 
occurrencea are all aaall and It la preauawd that thla type of nMurec 
is Inconaequentlal* The aosc exteiisivs dttpesita am thoM assoeiatad 

with iron foraatlon and the reaource of aanganlferous Iron ores oay be 
considerable. The aoat laportant bodlea are in the Que Que area In the 
eantral part of tha country, nliara blebs and patches of nansaaese osidaa 

occur In hematite. Compoaition la very variable, ranging from as aucb as 
2 to 24Z nanganeae in the Que Qae Iron ores. It uould appear that 
prodnetion of 291 grade ore has been in the Slnola district by and for 
the use of Rhodealan Iron and Steel Coepany Ltd. In 1962, over 7,000 
a.t. were produced, but In 1965 only 417 m.t. were pcodueed. Zinbabwe is 
not listed in the Resource Tables 3-7 or 3-8. 
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FIGURE B-3. Potential Mines in Ejgypt (81ael) and Israel 
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B.28 BIHHA 

Bun« hat bMn • rtity wmil producttr of MOgaiMM oa «tt IntetaittttBt 

basis. In the five year period 1970 to 1975, • total of 1,053 a.t. were 
produced and this after a lapaa of alz yaara* 

Ihera are no ■antanaae dapoalts of eonaaqucnce In Buna. Hodular and 

concretionary manganese Is frequently associated with ferruginous 
concretions in the Irrawaddlan Series, the iron ore of the Mylngyan 
Diatrlet (Southarn Shan Stataa) and In the Savngthakav raaldnal hoaatlta 
area on limestone, of low potential (latitude 22*-10* north and longitude 
96*~3l* east). The manganese concretions are not considered even a 
subaarglnal resource because of the small potential of the iron ores with 
which ttaay are associated In aaadatone in the Irrawaddy and Pegu Seriea 
of Pliocene and Oligocene Age respectively. While the Oligocene has been 
the most productive manganese epoch in other parts of the world (Ukraine, 
Caueaaaa, etc.), the luiMoa Utholonr, with rapid •adlaantatloa ctaaatstf 
does not favor the conditions necessary for manganaaa dapoaitioa* Bmiaa 
is not liated in the laaourcea Tables 3-7 or 3-8. 
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B.29 mWHBSIA 

The manganese deposits In west and central Java, principally those In 
thtt Karangnunggal area In the southern mountains south of Taslkaalaja and 
In the Kllrlpan axva in the West Progo Mountains, ace noatly very saall» 
mined both by open-pit and underground methods, and are labor-intensive* 
The better deposits have been exhausted. The deposits are Irregular 
lenticular bodies occurring in or on top of volcanic tuffs and brecciaa 
of Lower or Middle Miocene age that are overlain unconf oruably by reef 
limestone. At the plane of unconf oral ty, the nanganese Is found as 
pockets and lenses up to 4 a thick, a nexinai length of 500 u, and a 
width of 100 to 200 a and are also found as inpregnatlons In the 
overlying limestone. The ore minerals are pyroluslte, psilomelane, and 
wad. Some of the crystalline pyroluslte also occurs as concretions* 
Manganese alao is found as concretions on the aurface of the later! tic 
soil and Is ferruginous, as stringers and fracture-fillings on the 
lateritic profile and as vein fillings In reef limestone. 

The reserves are small. In 1969, the reserves at Kllrlpan were 
estimated at 130»000 tons averaging 30% aanganese, and at Karangnunggal 
ae 350,000 tons averaging 28Z manganese* These should be classified as a 
resource* 

The nanganese production varies from year to year. The total ore 
production fren 1968 to 1977 is about 102,490 a.t. Alaost the entire 

production is high-grade Mn02 ore, either battery-grade or 
chenlcal-grade. The reported 1977 manganese ore production, 5,974 a*t*, 
had an average Mn02 content of 87.7Z. Moat of the production is 
thought to have been exported to Japan and Tkinan, with the rent used 
doaeatically to produce dry-cell batteries* 
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Hi* pvoduction of manganese on um» Mport«d as 40,000 m»t» In l977t 

with an estimated grade of manganese. This is an Increase fnm e 

production low of 4,988 m.t. In the years 1971 to 1973. 

Tliree hydrothermal lenses In lower Tertiary andeslte have been or eie 
being exploited. These are the Rebat-Karlm, Shah-Rokh, and Boz Nein 
deposits located in north^entnil Inn, to the soutlwest end southsast of 
Tehran. The Rabat-Karin, which is probably depleted, was a lens of 
pyrolusite 8 m thlcW and 120 ra long. Shah-Rokh ore consists of 
pyrolusite nixed with hematite and nagnetlte* The run-of-aine ore 
eonteins 32 to 34X nangenese thet een be upgreded to 38 to hOZ aengenes* 
by hand-sorting and screening. At Boz Nein (Gibson, 1956), massive 
nanganite with pyrolusite and minor rhodochroslte and rhodonite occur in 
a staser sons with en everege width of 5 Laterelly to 10 a the 
alnerelizatlon occurs as veinlets, disseminations, and replacement 
masses. It Is considered that the oxide waa ptodueed by the elteretion 
of rhodochroslte and possibly rhodonite. 

The reserve of the manganese ore Is thought to be small and it is 
considered that any extensions will be limited. Ihere is a small, 
suhaargiaal reaouree of ebout 70,000 tons of aengenese ok aesoeleted 
with pillow lavas in a volcanosedlmentary sequence in the area of 
Sabsewar In northern Iran* The mineralization has a high silica 
content. The deposit et AB-Band in southern Iran is thought to be a 
localized occurrence in radiolarite and eennected with aubaarlne volcanic 
activity (Haltems and Btalnan, 1973) . 

Lraa la not listed la leeovree Ikbles 3-7 or 3-8. 
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B.31 ISBABL 

The Tlmni (Menalye) deposit is situated on the western edge of the 
Aravs Rift Vall^, 25 In north of the Btd 8e« port of Eilat. Regionally » 
the hasMMiit rocks emwlat primarily of granite, syenite, and Mmsonlte* 
They are overlain unconformably by a series of flat-lying terrestrial 
sandstones and marine shales, dolomite, limestones, and dolomltic 
sandstones. Itaoganess oxide Is confined to two units of Silurian age 
within this sequence that are tented the "Zebra Sandstone" and the "Upper 
Shale." 

The mineralization has four nodes of occurrence. The most lapertant 

is the concretionary manganese ore that has been found mainly at a 
locality called Mai^anese Hill. Most of the concretions occur in the 
upper O.S to 1.5 n of the Upper Shale. The total thickness of the Upper 
Shale Is 3 m or less. The shale is highly contorted and brecciated. The 
concretions range in diameter from 1 mm to about 50 cm and are Irregular 
In shape. The concentration of the nodules Is varleble and represents 
from 20 to 80Z of the volume. The concretions contain 58. 3Z to 75.U 
Mn02, 1.6 to 4.4Z MnO, 1.6 to 13. 4Z 8102, 2.63 to 4.18Z Fe203, up 
to 0.93X PbO, 1.29X OuO, and 0.38Z P2O5. Finely divided manganese 
oxide disseminated in the Zebra Sandstone or the overlying Upper Shale la 
widespread. A partial analysis of silty shales shows 36.2Z Mn02, 34.1Z 
SIO2, 9. OX AI2O3, 4. IX Fe203, 0.3% CuO, and 1.2X P2O5. 
Lanlnae less than 1 n In thickness in the Zebra Sandstone are 
alternately manganese-bearing and manganese-poor to manganese-f ree . 
Manganiferous veins occur, rarely, in the Upper Shales. The manganese 
■Ineral In the dlssenlnated deposits, as well as la the lanlnaa» Is 
■alnly fine, powdery pyrolusite, while the concretions are fomed hf 
pyrolusite, pellonelane, and possibly ransdelllte. 

Ihe resources of the disseminated manganese available to open-pit 

mining have been estimated at 10 million m.t. at a grade of about 23X 
aanganese. Ihe amount of concretionary material is estimated at 560,000 
■■t. Ihls Is a subnarglnal resource In that not only does the naterlal 
have a relatively low manganese content, but it also has a poor 
naoganese-to-lron ratio and a high percentage of lead and copper 
contanlnants* 
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B.32 nPDlLIC or lOIBA 

The aangaaese ore production, although continuous for the last 20 
ymT9, bee neiper been large. The uxlaim production was achieved in 1967 
when 7,184 a.t. were produced. The average annual production for the ten 
year period 1968 to 1977 Is 2,363 a.t. at aa astlaatad grade of 35 to AOK 
aanganese* 

Ihe manganese deposits, which are all small and mined hy 
discontinuous operatlona, are mainly located In the southeastern and 
eeatval parts of tba Koraaa paninsula in tea districts (Kla and Kia, 
1971). They are generally developed in dolostone and limestone of 
Precambrian or Palaozolc foraatlons, rhyolite and andeslte flows, and 
partly in granite, phyllite, or shsle. The deposits any be classlfiad 
late Ivdrothermal replacement deposits, valaa, or aadlaaatary, residual, 
or aetaaorphic deposits and consist of manganese carbonate, oxide, and 
alllcate alnerala. Ihe psllomelane-type oxides occur as oxidation 
cappiflgs abova rbodochroalte. 

The Saoham- Jang gun deposit In the east-central area waa regarded as 
ona of the larger aanganasa ■inea la tba Republic. It is a contact 
aetamorphic deposit In liaestone intruded by granite. Tba ora, mined by 
open-pit, consiated of an oxidized upper portion and a lower portion of 
stringers of rhodochroslte along bedding planes In the liaestone. The 
grade of the oxidaa avaraged 30 to 35X aanganese witb a asrlaim of 4SZ. 
Iha carbooata averaged 30 to 35X aaagaaasa. 

Ihe aanganasa rsservas and resources in the Republic of Korea are 
presumed to be saall. The resources in three of the ten districts In 
1968 were given as 730,000 B.t. Korea is not listed In the Basourea 

Tables 3-7 or 3-8. 
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B.33 MALAYSIA 

There has been no confirmed production of manganese ore from Malaysia 
since 1969 when 10,200 a.t. of an estimated grade of 30 to A0% Mn were 
produced* Production has been reported every year alnce 1969, but is 
bmllcvmd to b« ferruglnotw wuigaMse ore. NangaiMse ore occurred in the 
northeastern part of the country In the states of Trengganu and 
Kelantan* Secondary oxides, pyrolusite, and pailomelane occur in small 
■esses, nodules or pellets, in the laterlte or in veinlets in the 
underlying weathered rock. Most of the ore occurred in cavemoue naaaee 
underlying a bouldery surface layer of detrltal ore. The resource 
potential ia presumed to be very small* Malaysia Is not listed in the 
Reeource Tables 3-7 or 3-8. 
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B.34 PAKISIMi 

Frineipal oeeumneM studittd an in tiM Las Bala Uatrict, about 100 

ka northwest of Karachi or 75 ka north of the coast. Location Is 
favorable for export, were there any tonnage. Occurrences are of the 
volcanogene type and thus oi small potential* Manganese oxides occur at 
tlia contact of pillow lavaa and Cretaceona alialaa* Ihlcknaas rarely 
exceeds one meter and there is little continuity. Hanganese also occurs 
as fracture fillings and valnlats* There Is no carbonate protore. Ore 
haa 20 to 4AZ Mn and 12 to 301 8102* Total Indicated raaarwa are 
about 30,000 tons in scattered localities. Since oanganese hss been 
known in the area since 1904, prospects for important discovariaa aaaa 
alia. Pakistan is not listed In the Resource Tables 3~7 or 3-8« 
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B.35 PHILIPPINES 

The Fhllli»pliMt hmfm basil a paralatent but relatively small producer 
of manganese, at a varying yearly rate. Within the period 1960 to 1977, 
the peak production was in 1967 when 85,800 m.t. were produced. This was 
follovad by a vapid daellaa to no ptoduetlon r^ottad la 1975. Tha 
estinated production in 1977 was reported as 20,435 m.t. with an 
aatlaated grade of 44-fZ nanganese. Ihe total production since 1960 has 
baan 390,000 a.t* 

The manganese deposits (Oiwa, 1961) are widely scattered throughout 
the islands and generally are not very large. The largest producers are 
on tha laland of Bnauanga and In tha provlnea of Uoeoanorte. Buauanga 
■anganese ore has a high (about 50X) manganese content and a low Iron and 
phosphorus content. The ore chiefly occurs as massive, lump psilonelana 
«lth a alnlam of finaa. It la ainad aainly by open cata and band aortad 
bafora shipping* 

The deposits in Busuanga Island are primary sedimentary deposits in 
which mangsnaaa lanaaa 2 to 8 a thick ara intarbaddad with quartslta 
and/or Jasper. Manganese also occurs as concentrations near 
intersections of small quartz veins or as irregular kidney-shaped 
■aaaaa. Larga bouldara of nanganaaa ara fraqnantly on tha anrfaea ovar 
or adjacent to the lenses. The quartzlte is strongly folded, with the 
nanganese frequently faulted and often displaced. Ihe continuity of tha 
lanaaa la intarruptad, which of tan llaita thair axtant both latarally and 
vertically. Therefore, it is not expected that the Individual lanaaa of 
■anganaaa will ba of laxga tonnage or graat axtant* 

lha raaarvaa aa of 1961 ware vatlonaly aatlaatad at 6 millioa a-t* or 
aore. There are some marginal deposits that are operated economically 
only during periods of market demand. It is considered that the 
potantlal for davaloping further raaarvaa la good, but it ia praauaad 
that thay will not ba larga* 
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B.36 mXLMD 

Manganese deposits occur In many parts of Thailand. In the north, 
Laaphun Province (Industrial Minerals, 1977} is the largest producer of 
■etallorgleal-grade Muganese with 11,087 and 13,073 a.t. produead la 
1974 and 197 5 respectively. Phetchabun and Phrae Provinces are modest 
producers of battery- and metallurgical-grades; Chiang Rai, Nan, Lampang, 
and flukothal Provinces produce battery-grade; and Chaing Mai and Uthai 
Ihanl produce only aetallurglcal-gndM* Rayoog Frovinee in the central 
area and Loei Province in the east produce battery-grade ore. la the 
southern area, Narathiwat Yala and Songkala Provinces produce 
■etallurglcal-grade. Hie total aaaganasa ova ptodaetiaa, ahicti varies 
greatly from year to year, was 2A,91A m.t. In 1975, of which 20,A93 tens 
was aetallurgical, 3,577 tons battery and 844 tons chemical. Ihe 
prallalnary oia prodaetloa xaported for 1977 was 76,946 n.t. at an 
aatlaatad grade of 46 to SOX aanganeaa. 

Most of the manganese deposits In northern Thailand consist of 
compact surflcial aeeuaulatlons of granules, pellets, pebbles, lumps, and 
nodules of psilomelane and pyrolusite in lateritized overburden, or in 
the form of pods. Impregnations, and fracture-fillings in brecciated or 
porous rocks* Locally aanganasa oxlda and rhodochrosita font narrow 
veins. The deposits, formed by local deposition and enrichment by 
leaching, ace generally located at the base of fairly steep slopes along 
tba sldaa of valleys* They are mined both by manual labor or by power 
shovals, from simple open pits or trenches, and trucked to a mill. The 
average grade of the in-place ore Is fairly low (AO to SOX Mn02) but is 
upgraded by washing, scrubbing, screen-sizing, hand sorting, and in some 
esses by additional crushings and a second sorting* 

The reserves of manganese ore are small. In 1963 it was reported 
(Gardiner et al* , 1965) that the reserves in 8 or more deposits la 

northwest Thailand could be as much as 3 million tons, with grades of 5 
to 65Z Mn02. The grades indicate that a portion of the reserves were 
actually submarginal and paramarginal resources. The possibility of 
finding other deposits of stailar sisa Is oonsidarad to be good; however, 
it is not expected that a large reserve Will bs davaloped. Thailand is 
not listed in Tables 3-7 or 3-8. 
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B.37 FUI 

Ihe ■anganeM ore production Iqr Fl jl has bean varlabla yearly and It 

has no recorded production since 1971 when 7,596 n.t. were produced. The 
production In the previous year was 24,349 n.t. at an estinated grade of 
30 to 50K aanaaneae. 

The FIJI manganese deposits, found mainly on the island of Vltl Leva* 
are snail. Ihe deposits consist of manganese oxides, pyrolusite and 
pelloBelaoe. with leaner anoonta of braunlte, hauaaannlte, and poealbly 
blxbylte. The oxides are Intimately associated with a brownish-red 
jaaper that connonly envelopes the oxides. The nioeralization occurs 
along breedated sonea in faulta and fraeturea and aelectlvely replacea 
the tuff, limestone, sandstone or nudstone, and occasionally volcanic 
vallrock. The deposits tend to be irregular replacement bodies and occur 
vertically as elongated lenses, tabular bodies, or Irregular masses. The 
ainerallzation grades from a relatively massive center into the enclosing 
rock through a zone containing veinlets, stringers, and Irregular pods of 
manganese. Ihe high-grade mineralization ranges from 43 to bOX manganese 
and averagea about 52Z ■aaganaae. The lov-^rade, containing up to 25X 
silica. Includes numerous lenses and irregular patches of limonitic 
jasper. Mining was by open-pit with the ore hand-sorted. Several of the 
■Inaa eloaad bacausa of an axcaaslva atrip ratio* 

The reaource estimate (W. A. Preston, British Steel Corporation, 
presentation to the panel, 1979) is 310,000 m.t. of ninerallsation at 72 
to 95Z Mn02( of which 100,000 ■•t. are categorized as measuvsd, and 
1.365 allllon ■•t« of alllcaoua ore, of idiich 585,000 n.t. are aeasurad. 
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B.38 NEW HEBRIDES CONDOMINIUM (VANUEVA*) 

The only commercial manganese ore production has come from the Forarl 
deposits on Efate Island (Capital-Port Vila) at 168° E and 16° S. Le 
Manganese de Vate, owned 87. 3Z by Southland Mining Ltd. of Sydney, 
Auatralla, has almd aoall orebodies sporadically for over tea yeara* 
Production reached a high of 79,700 m.t. In 1967 and has declined to 
24,321 m.t. in 1977. Mn oxides occur as a nearly horizontal bed 0.6 to 
0.3 m thick, ovorlain by 1 to 6 n of tuff a and clay which ia atripped. 
Crude ore grading about 30X manganese is washed to remove coral and clay, 
ralsioK concentrate grade to about 41 to 42Z manganese. Manganese to 
iron ratio is about 9 to t, P about O.IZ, Ti02 0.5Z, Si02 lOK, BaO up 
to 2Z, and AI2O3 about 8X* Urn principal ainaral appears to be 
todorokite, but alkaliaa an aoderate* 

Mtoat of the New Hebrides oceorreooes are ceaidually enriched 

accumulations of manganese oxides in calcarenltes , the manganese having 
been derived from basic volcanic pyroclastics by laterlzatlon. Deposits 
of this gsttssls are Invariably small, the largest rarsly sxeosding a 
aillion tons potential and noat being very auch snsllsr* 

Original Forari reserves were 1.6 million m.t. Preston (private 
cooDMinieatioo to the psnel, 1979) gives Porari reserves at 270,000 a.t. 
of 42Z manganese, while another source suggests the reserves will be 
exhausted by 1980. In any case, the potential is small. Resourcea 
consist of tailings duapsd In a nearby bay, but potential has no 
significance. 

The Geological gwrvey prospected for analogous Mn on Epi Island and 
found none > gouth Mslekula Island was also examined and Mnroxlde 

velnlets only a few cm thick, grading 16% to 17X manganese, have no 
potential. Mn occurrences of no significance are also known on Torres, 
Hui, Maewo, Baplrlto Santo, and Tanna Islanda. 

Erroaaogo Island was intensively studied by the French State 
Geological Bureau in 1959 for lagoonal-reef-type nanganeae-Hntlde deposits 
derived from volcanlcs. After a campaign of auger drilling, several 
lenses up to 4 to 6 m thick and 150 to 600 m long were found. Manganese 
ranged fron 4 to ISX (in clay) or 40 to 45% in powdery ore, with high 
phosphorus ranging fnm 0»17 to 1«2Z. Oxides are pyroluslts and 
todoroklte. Tonnage In aggregate may be 1.6 million m.t., but Is 
insignificant, including resource potential, because of scattered 
distribution. Likewise, residual accunulatlons In llasstons on Irroasngo 
have 20Z manganese, while tuffs have 45Z oangansss* Hons Is BOrs than 
3 m thick and potential is insignificant. 

The genetic type of occurcanca, limited by the particular geology of 

the New Hebrides, limits manganese-oxide potential to a relatively 
insignificant amount when considering the world. 

*In Julya 1980, Vanoava bscsas the aw nsaa of the Island group. 
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APPENDIX A 



ADAPTING uses BUtLBlXV 1»50A TO MAMCAHE8B AS8ES8NBNTS 



The Departoent of Interior In the propamtloti of DuUetlo 1450A 

(recently superceded by USGS Circular 831) Principles of the Mineral 
Reeourcea Cleaeifloition Sytwn of the U. S» gur— u of Miooa *P<i P» S« 
Geological Sunny Introdiicee the eubjeet of cl—e ific^tion ■< folloiwit 



GENBIAL DCnNinON Of lONnM. AND BNPCT USOOICBS 



The dictionary definition of resource "aoaething in reserve or ready 
if needed" hee been extended for nineral end energy reeourcea to eoaprlae 

all vateriala aurmised to exist having praaent or future values. In 
geologic terns a mineral or energy resource is a concentration of 
naturally occurring solid, liquid, or gaseous materials in or on the 
Berth* a cruet in aueh fern that eeenonle extrection of a cenaedity la 

currently or potentially feasible. Material classified as a reserve is 
that portion of an identified resource producible at a profit at the time 
of elaaalficatlon* 

Total Resourcea are aaterials that have present or future value and 
comprise identified or knoim materiala plua thoae not yet identified, but 
ifhlch on the haala of geologic evidence are pveaoMd to eslat* 



PHILOSOPHIC BASIS FOR A RESOURCE CLASSIFICATIOii 

Public attention usually is focuaed on current economic availability 
of ■inerel or energy aeteriela (reaervea) • Long-term public and 

commercial planning, hovever, must be based on the probability of 
geologic identification of resourcea in aa yet undiacovered deposits and 
of technologic development of economic extraction processes for presently 
unforkeble d^oalta* Thus, all the components of Total Resourcea must be 
continuously reassessed In the light of new geologic knowledge, of 
progress in scleoce, and of shifts in economic and political conditions* 

Another requirement of long-term planning Is the weighing of total or 
multi-cooimodity resource availability against a particular need. To 
achieve thla the general cleaalflcatlon tjattm auat be unlfonaly 
applicable to all co— odltiea ao that data for alternate or aubatltute 
coamoditiea can be coaparad. 
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To serve thas* planning purposes Total Resources are eleeslfled both 
la teme of eeonoMle feasibility and of the degree of geologic aeauranee. 

General guides for the use of this eleeslf Icetlon systea ere as 

follows: 

1* Reaource categories and definitions In the classification, as 
specified la the glossary, should be eppllcaUe to all naturally 
occurring concentrations of metals, nonmetals, and foeall fuels* Ihe 
categories nay be subdivided for special purposes. 

2. Definitions may be amplified, where necessary, to sake thea aore 
precise and confonaable with accepted usage for particular 
coBBodltles or types of reeource eveluetloiie. 

3. Quantities and qualities nay be expressed In a variety of terns 
and units to suit different purposes, but must be clearly stated and 
defined. 

This tuo-dlaenslonal, conceptual base for classification established 
by the Bureau and the Survey Is strelghtf omerd . It encenpasaee geologic 
uncertainty and economic feasibility, reflecting the slaultaneous 
Interaction of prices, costs, and technology. This generalized systen, 
however, requires each type of nlneral comaodlty to be adapted In a 
manner mhlch accommodetee the geologic, teehnlcel, end economic 
IdiosyncracleB of that commodity. In the absence of an established 
system for manganese resource assessment, the Panel on Manganese Supply 
end Its Industrial Lapllcetlons of the National Keseareh Council 
developed Its own scheae for the purpoee et hand. 

In any reeourea classification system the key requirement ia aetting 
the criteria for determining among the Total Rasoarcee, how much caa he 
considered reserves. This is the quantity of recoverable metal or 
mineral that Is currently (time of estimation) producible under 
pvevelllog teehaology aad econoalc conditions* Msngaaeee reservee ceanot 
be readily defined In terns of costs, prices, or by any simple nix of 
grade, tonnage, or depth criteria. Unlike many mineral commodities, 
aengenese content elone off ere a poor aeesure of what constltutee 
reserves. Producible, usable manganese depends upon what the users ars 
prepared to accept in their varloua processes and are willing to charge 
into their fumeeee. This varies according to country and location, and 
needs to reflect other constltneidrs besides nsnganeae in the material 
being used. Manganese is not customarily extracted, refined, and used In 
an elemental state* Rather It Is added to the product being produced in 
e verlety of chendcal coapounde end alxturee, eeeoapanled by other 
elements and compounds. This provides considerable variation In what can 
be conaidered technically uaable, and in the form of manganeae that can 
he eleeslf led ee a reeerve* 
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Cost l8 always an laporcant eleaeat in what constitutes a nlnaral 
nserve. Howeiper, of tha varlons Mtallie alMMnts that an coBblnad to 
sake steel, aanganese contrlboCas • rattaar saall proportion of the final 
cost of finished steel. As a consequence, while relative deliverad COat 
is iaportant in the determination of what constitutes a workable 
aanganese dapoalt, narttat prlea la not aa dlractly uaabla aa a naana of 
establishing what constitutes manganese reserves as distinct from 
sub-econoaic resources as night be the caae in aone nineral coomodities* 
It la Inportant to raeognlM tlmt « Insn neenMlbla oeentmncn of 
manganese » despite the fuallty of the oaoganaaa baarlqg natarlal 
contained therein nay not ba producible* 

The classification of aanganese resourcaa mtac raat upon n 

deposlt-by-deposlt examination and decision as to what constltutan 
currently usable aaoganese-beariog naterlal* This evaluation la a 
reflection of a proper eonblnatlon of ebaraeterlatles that are currently 
acceptable to the country or firms using or purchasing the manganese from 
each individual deposit* Thus, If a particular steel-producing nation is 
willing to produce and uae nanganaae which night ba considered 
sub-standard elsewhere, such occurrences of aanganese currently 
constitute a part of the world's manganese reserves. However, local or 
regional practices can change and these deposits could revert to being 
elaaalflad aa raaourcaa rather than reaervaa* Moraovnr, alallar 
occurrences in other parts of the world where more stringent requirements 
prevail may have remained classified as sub-econoaic resources throughout* 

In terns of geologic uncertainty, the degree of confidence and the 
required density of measurements to underpin this level of precision, was 
established for each type of manganese deposit under consideration* The 
requirenent of a plus or nlnua 20 pereant confidence factor la a fixed 

U.S.G.S. standard for measured. For indicated reserves the Manganese 
Panel adopted plus or minus SO percent as the upper limit* Estimates of 
a lower quality of precision were pieced In the Inferred category. If, 
however, an occurence of manganese was deemed so poorly defined that the 
actual presence of a mlnable deposit was in question, then the estlnates 
ware placed In the hypothetical category as defined by Bulletin 1450A. 

Much of the world'e aanganese has been evaluated using British 
terminology and practice or following the COMECON agreement made among 
tha cent rally-planned acononles. In both eaaee, the eccuracy, 
observational density, and other criteria are sufficiently 
well-publlclced and reliable for the panel to convert data from one 
syatea to enother. Vhlle this was not an exact proeaaa tha alnllarltlaa 
between systems are such that any error introduced wsa conaldarad likely 
to be less than the original error of estimation. 

Except for COMECON data, the panel adopted a grid density of at least 
one observation site per 125 square meters or less for the estimate to 
qualify as measured. If data points were greater than one per 300 square 
■etara than tha raaarvaa ware elaaalflad aa Inferred. 
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KsMrvvs ate custoaarlly px«Mnt«d In tenif of reeomrable alneral or 
■etal content. The panel used known recoverability factors wherever 
possible for this purpose, and estimated as necessary. For sub-narglnsl 
and hypothethlcal resources, In situ, data nay be the only data 
available. Bonever, the panel haa been able to indicate aanganeae 
recoverablllty based on current practice for these categories also. Ibis 
provides some insight Into the quantities potentially available In tbe 
longer ten* It abould be noted tbat future ebantes in practice and 
econoalea could cause such recovarability factors to deviate over tiae* 

« 

Finally, the panel did not include asrine resources and nanganiferoua 

iron ores In its esaaination of world data, so these currently or 
potentially usable sources of manganese are not included in the 
classification scheme or in the statistical table* 
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